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THE     REGULARITY     OF     SIMPLE     PAROXYSMAL 
TACHYCARDIA.* 

By  H.  S.  FEIL,  Cleveland,  ami  y\.  D.  D.  GILDER,   Bomliay. 
(  Unirervih/  CoUeije  Hospilal  Medical  School.) 


Recently,  in  an  article  to  this  Journal,  Lewis  published  a  series  of  accurate 
comparator  measurements  of  the  intervals  between  cycles  in  clinical  auricular 
flutter,  pointing  out  that  a  liigh  degree  of  regularity  exists.  He  showed 
that  the  variations  in  the  lengths  of  the  inter-auricular  intervals  averaged 
less  than  00009-00077  of  a  second  in  curves,  including  17  to  32  cycles. 
The  maximal  variations  in  the  same  curves  were  usually  less  than  001  of  a 
second. 

It  was  suggested  that  similar  measurements  should  be  made  on 
electrocardiograms  from  eight  cases  of  paroxysmal  tachycardia  in  the  same 
collection  of  curves,  from  11  to  18  cycles  being  measured  on  each  record. 
As  was  done  in  the  measurement  of  the  flutter  cj^cles,  the  inter-ventricular 
intervals  were  measured  because  of  the  greater  accuracy  in  reading  the 
ventricular  peaks,  and  because  in  several  instances  the  actual  auricular 
complexes  were  obscure  or  invisible.  The  intervals  showed  a  conspicuous 
degree  of  regularity,  which  appeared  to  be  independent  both  of  the  rate  of 
the  indi\idual  tachycardias  and  of  their  points  of  origin.  In  these  eight 
cases  the  maximal  differences  in  the  inter- ventricular  intervals  varied  from 
00071  to  00358  of  a  second  and  were  usually  below  00099  of  a  second. 
The  average  variations  in  the  lengths  of  the  intervals  ranged  from 
00010  to  00092  of  a  second,  but  were  usually  below  00022  of  a  second. 
In  those  cases,  wliich  were  frankly  auricular  in  origin,  the  actual  degree  of 
regularity  of  the  auricle  was  possibly  greater,  since  the  measurements  included 
any  variations  in  the  .4s-  Vs  conduction  i^eriod  which  may  have  been 
present. 

Thus,  in  comparing  paroxysmal  tachycardia  with  auricular  flutter,  we 
find  a  similar  degree  of  regularity,  as  is  shown  in  Table  II,  in  which  the 
corresponding  variations  are  tabulated. 

*  Carried  out  on  behalf  of  the  Medical  Research  Council, 
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PAROXYSMAL     TACHYCARDIA. 




Auricular  flutttr. 

Paruxysmal  lachycurdia. 

Maximal  differences 
in  seconds. 

00037-00265, 
usually  less  than 
001  of  a  second. 

00071-0-0358, 

usually  less  than 
001  of  a  second. 

Average  v^anaUons 

00009-00077, 

always  average 

less  than  001  of  a  second. 

0-0010--0092, 
less  than  0-01  of  a  second. 

r>rjiM.\RV. 


A  high  degree  of  regularity  was  found  in  the  cycles  of  curves  from  eight 
cases  of  paroxysmal  tachycardia  ;  the  degree  of  regularity  approached  that 
seen  in  cKnical  auricular  flutter.  The  maximal  differences  in  the  lengths 
of  ventricular  cycles  varied  from  00071  to  00358  of  a  second  in  different 
cases,  and  were  usually  below  00099  of  a  second.  Thus,  the  maximal 
ditferences  rarely  exceeded  0-01  of  a  second,  and  the  average  variation 
never  reached  0-01  of  a  second. 


THE  PULSE  IN  AORTIC  DISEASE  AS  FELT  AND  GRAPHICALLY 
INSCRIBED.* 

By  H.  S.  FEIL,  aeveland,  and  M.  D.  I).  C4ILDER,  Bombay. 
(  University  College  Hospital  Medicol  School.) 


The  primary  object  of  the  present  observations  is  a  comparison  of  the 
sensations  experienced  in  palpating  the  radial  pulse  in  cases  of  aortic  disease 
with  curves  obtained  from  the  same  pulse,  accurately  inscribed  on  a  travelling 
surface,  thus  exploring  the  extent  to  which  the  several  characters  of  the 
pulse  encountered  in  this  valvular  lesion  may  be  identified  by  simple  clinical 
means.  For  very  many  j-ears  the  pulse  in  aortic  disease  has  been  knoMii  to 
convey  definite  impressions  to  clinicians,  and  the  various  types  have  been 
classified  as  (1)  water-hammer,  (2)  double-topped  (bisferiens),  (3)  anacrotic, 
and  (4)  flat-topped.  Corrigan,i  in  his  admirable  cUnical  description  of  cases 
of  aortic  disease,  said  :  "  But  when  the  valves,  becoming  inadequate  to 
their  office,  permit  some  of  the  blood  contained  in  the  ascending  aorta, 
carotids  and  subclavians,  to  return  into  the  left  ventricle  after  each 
contraction,  then  the  aorta  and  these  trunks  become  .  .  .  partially 
flaccid  ;  and  at  the  next  contraction  of  the  ventricles  the  blood  propelled 
into  them  is  sent  along  as  a  rushing  current,  which  throws  the  sides  of  these 
arteries  into  vibrations,  and  these  vibrations  give  to  the  ear  bruit  de  souffht 
and  to  the  finger  fremissement.  The  fremissement,  or  rushing  thrill, 
described  as  easily  felt  in  the  subclavians  and  carotids,  can'  sometimes  be 
felt  by  moderate  tact  as  far  as  the  pulse  in  the  wrist."  Later,  Corrigan 
spoke  of  the  increase  of  arterial  pulsation  bj^  elevation  of  the  arms,  due,  as  he 
said,  to  the  relative  emptying  of  the  arteries. 

Since  Corrigan's  time  much  work  has  been  done  in  comparing  the 
sensation  with  the  inscribed  records,  but  largely  before  accurate  methods 
were  devised.  The  instruments  commonly  used,  the  Dudgeon  and  Marey 
sphygmographs,  introduced  considerable  errors,  chiefly  of  the  following 
nature  :  (1)  Eventual  over-richng  in  response  to  quick  changes  of  pressure, 
sometimes  so  considerable  as  to  introduce  wholly  artificial  summits  or  dips. 
(2)  Inability  of  the  instrument  to  follow  very  quick  changes  in  pressure, 
and  the    consequent   damping  out    of    minor    oscillations    in    the    curves. 

*  Observations  undertaken  on  behalf  of  the  Medical  Research  Council.  The  direction  and 
aid  of  Dr.  Thomas  Lewis,  in  whose  laboratory  the  work  was  done,  is  gratefully  acknowledged. 
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(3)  Distortion  of  the  curves  brought  about  by  the  inertia  of  the  lever  system  ; 
by  looseness  of  joints  of  the  lever  sj'stem  ;  and  bj^  the  actual  inscriber 
writing  in  the  arc  of  a  circle  rather  than  in  a  vertical  line. 

These  errors  of  technique  have  been  largely,  if  not  entirely.  aboUshed 
bj-  optical  recorders,  of  which  Frank's  capsule  is  a  notable  example. 

The  apparatus  used  in  our  observations  consisted  of  a  Frank  segment 
capsule  mounted  on  an  adjustable  stand  and  connected  with  the  Wiggers 
type  of  radial  transmission  sphygmograph  by  thick  walled  rubber  tubing. 
The  optical  arrangement  was  .similar  to  that  described  by  Wiggers.'-  but 
modified  in  the  arrangement  of  the  time-marker.  A  .second  beam  of  Ught, 
from  the  same  source  as  that  illuminating  the  capsule — but  broader — was 
reflected  from  a  vertical  plane  mirror  upon  the  photographic  plate.  This 
hght  was  cut  at  its  source  by  a  rotary  tuning  fork  time-marker  and  thus  the 
plate  was  fogged  intermittently.  The  lines  thus  ruled  are  sharp,  cross  the 
entire  record,  and  enable  us  accurately  to  measure  the  curves.  The 
recording  apparatus  was  the  plate  camera  used  in  electrocardiography 
(made  by  the  Cambridge  and  Paul  Instrument  Company). 

In  testing  the  oscillation  frequency  of  the  recording  mirror,  a  record 
of  the  oscillations  resulting  from  sudden  release  of  pressure  in  the  air  system 
of  the  recording  apparatus  was  taken.  The  record  shows  a  sudden  dip 
when  the  pressure  in  the  air  sj-stem  falls — followed  by  a  number  of  small 
waves  :  the  rates  of  these  oscillations  have  varied  from  46  to  79  per  second 
during  the  course  of  the  experiments.  These  small  waves  express  the 
frequency  of  the  membrane  and  mirror.  This  frequency'  makes  it  possible 
to  record — undamped — oscillations  occurring  in  the  vessel  at  these  rates 
or  below  them. 

The  radial  pulse  has  been  investigated  exclusively  because  of  the 
purpose  of  this  research,  namely,  a  comparison  of  the  chnical  examination 
of  the  pulse  \nth  the  graphic  record.  AU  curves  were  taken  with  the  patient 
in  the  dorsal  position,  \\\t\\  the  arm  held  horizontally  or  vertically.  The 
latter  position  was  used  because  of  the  well-known  fact  that  the  water-hammer 
quality  is  best  appreciated  vath  the  arm  held  vertically,  and  also  in  order 
to  investigate  the  sensation  of  thrill  which  is  sometimes  felt  at  the  pulse  in 
cases  of  free  regurgitation,  especially  when  the  arm  is  raised.  The  systohc 
and  diastolic  pressures  (auscultatory)  in  the  brachial  artery  were  taken  at 
the  same  time,  with  the  patient  in  the  dorsal  position.  All  measurements 
of  the  plates  were  made  on  the  Lucas  comparator. 

The  points  on  the  curves  which  were  selected  for  measiu-ement  were  : 
(1)  The  beginning  of  the  upstroke  ;  (2)  a  point  on  the  upstroke  at  one-half 
its  total  height ;  (3)  the  peak  of  the  primary  wave;  and  (4)  the  peak  of  the 
predicrotic  wave,  or  other  secondary  wave  occurring  about  this  time,  if 
either  of  these  were  present.  The  intervals  were  converted  into  seconds 
by  the  method  recently  pubhshed  by  Lewis.*  From  these  measurements 
the  foUowint^  intervals  were  ascertained: — (1)  The  interval  between  the 
beginning  of  the  upstroke  and  a  point  halfway  to  the  first  summit  ;  (2)  the 
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interval  between  the  beginning  of  the  upstroke  and  the  top  of  the  first 
summit  (primary  wave)  :  (3)  the  interval  between  the  beginning  of  the 
upstroke  and  the  summit  of  the  predicrotic  wave  ;  and  (4)  the  interval 
between  the  primary  summit  and  the  predicrotic  summit  or  its  equivalent. 

The  reason  for  calculating  the  first  of  these  intervals  is  as  follows  :  — 
In  normal  curves  the  rise  of  the  primary  wave  to  its  actual  summit  occupies 
a  time  which  is  somewhat  more  than  double  that  taken  for  the  primary  wave 
to  rise  to  half  this  level.  In  comparing  the  rate  of  rise  for  various  normal 
curves  the  half-way  measurement  presents  httle  advantage.  But  when, 
as  in  many  cases  of  aortic  disease,  the  initial  rise  is  steeper,  the  primary 
wave  is  often  continued  in  the  form  of  a  rounded  plateau  (see  Fig.  2).  In 
such  cases  the  first  half  of  the  ri.se  to  the  actual  summit  occurs  in  a  time 
interval,  which  is  but  a  small  fraction  of  the  time  interval  taken  for  the 
whole  rise  ;  it  is  this  quick  initial  rise  wliich  is  often  responsible  for  the 
chief  impression  conveyed  to  the  palpating  finger. 

The  measurements  alluded  to  (1  to  4)  have  been  tabulated  side  by  side 
with  descriptions  of  the  sensations  conveyed  by  the  pulse  to  the  palpating 
finger.  These  clinical  notes  were  written  down  in  each  instance  before  the 
records  were  taken,  so  that  the  comparisons  might  remain  lui prejudiced. 

The  clinical  notes  have  been  kept  in  a  relatively  simple  form,  because 
it  was  thought  that  the  tabulated  comparisons  between  the  clinical 
examinations  and  the  measurements  of  the  inscribed  curves  would  convey 
the  results  of  the  observations  more  accurately  if  the  pulse  was  described 
in  general  terms. 

The  description  of  the  pulse  is,  in  many  instances,  incomplete,  for  the 
reason  that,  as  the  work  proceeded  and  individual  comparisons  were  made, 
the  cUnical  descriptions  tended  to  become  more  elaborate. 

For  the  purposes  of  this  research  we  studied  10  normal  cases  and  33 
cases  of  aortic  disease.  The  normal  indi\iduals  were  medical  students  and 
laboratory  workers  of  healthy  aspect,  free  from  any  abnormal  physical 
signs  in  the  circulatory  system  and  varying  in  age  from  15  to  38  years. 
The  aortic  cases  were  taken  from  Dr.  Lewis's  clinic,  and  all  but  one  were 
ex-service  men. 

Three  or  more  pulse  beats  were  measured  and  the  average  of  these 
measurements  used.  Several  of  the  curves  were  measured  more  then  once, 
and  where  the  peaks  were  well  defined  the  measurements  were  within  the 
errors  of  observation  as  stated  by  Lewis.* 

The  normal  radial  pulse  curve. 

The  records  of  the  normal  adults  were  taken  and  measured  in  such  a 
way  that  the  figures  might  be  compared  with  those  of  the  aortic  cases. 
The  normal  curves  showed  the  three  usual  chief  waves:  (1)  the  primary 
wave,  which  constitutes  the  summit  of  the  pulse  (the  rise  to  the  summit  is 
gradual  and  occurs  in  from  0075  to  0130  of  a  second)  ;  (2)  a  small  blunt 
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peak  on  the  decline  of  the  first  wave,  namely,  the  predicrotic  wave,  which 
appears  0-112  to  0- 180  of  a  second  later;  and,  finally,  (3)  the  dicrotic  wave. 
The  half-way  point  on  the  upstroke  of  the  primary  wave  occurs  from  0031- 
0051  of  a  second  after  its  onset ;  usually  the  figure  is  0038  to  0047  of  a 
second.  Table  I  compares  the  measurements  of  the  records  of  normal 
pulses  taken  with  the  arm  horizontal  and  with  the  arm  vertical.  The 
tabulation  shows  little  or  no  change  in  the  time  of  the  appearance  of  the 
primary  wave,  the  jiredicrotic  wave,  and  the  point  half-way  to  the  summit 
of  the  primary  wave. 

The  pulse  in  aortic  disease. 

For  descriptive  purposes  the  pulses  of  aortic  disease  have  been  grouped 
into  .six  classes  according  to  their  types. 

Class  I  (Table  II,  Fig.  2)  includes  conspicuous  water-hammer  pulses 
in  which  a  thrill  is  palpable  when  the  arm  is  held  in  the  vertical  position. 
In  the  records  the  upstroke  is  large  and  abrupt ;  it  passes  into  a  rounded 
summit  or  plateau  M-hich  is  succeeded  by  a  steep  fall  to  the  dicrotic  notch, 
and  a  series  of  oscillations,  usually  three  to  six  in  number,  are  found  on  the 
upstroke  or  on  the  summit.  The  half-way  point  on  the  upstroke  occurs 
at  0006-0018  of  a  second  after  the  beginning  of  the  rise,  and  the  highest 
point  of  the  summit  occurs  at  0031-0- 100  of  a  second.  The  oscillations, 
which  graphically  represent  the  j^alpable  thrill,  individually  have  an  average 
duration  of  0  02  of  a  second,  i.e.,  the  vibration  frequenc}'  for  the  thriU  is 
appro ximatel)'  50  per  second. 

Cla.ss  II  (Table  III,  Fig.  3)  comprises  water-hammer  pulses  of  rather  less 
conspicuous  type.  The  graphic  records  are  again  characterised  by  a 
relatively  sharp  and  large  rise  ;  the  primary  summit  is  a  single  peak  ;  an  iU- 
defined  second  peak  occurs  on  the  downstroke,  and  the  pulse  falls  away  most 
rpiicklj'  directly  before  the  dicrotic  notch.  The  half-way  point  is  found 
0024-0-030  of  a  second  after  the  beginning  of  the  elevation,  and  the  primary 
summit  is  reached  in  from  0064  to  0-081  of  a  second. 

In  Class  III  (Table  IV,  Fig.  4)  are  aortic  pulses  giving  to  the  observer 
the  impression  of  a  water-hammer  with  an  indistinct  or  doubtful  bisferiens 
quality.  The  records  are  characterised  by  a  relatively  sharp  rise,  by  the 
presence  of  two  conspicuous  summits,  the  first  being  of  greater  height, 
and  separated  from  the  .second  by  from  0-142  to  0-156  of  a  second, 
and  by  a  distinct  ^-ibration  or  hesitation  on  the  upstroke.  The  cliief  fall 
of  the  pulse  wave  precedes  the  dicrotic  notch.  The  half-way  point  occurs 
0-018-0040  of  a  second,  and  the  primary  summit  0-070-0-107  of  a  second, 
after  the  beginning  of  the  upstroke.  This  group  merges  with  that  next 
described  (Class  IV). 

In  Class  IV  (Table  V,  Fig.  5)  are  included  the  records  from  cases  of 
aortic  disease  shov^ing  unmistakable  pulsus  bisferiens.  The  rise  of  the 
pulse  wave  in  the  majority  of  the  cases  gives  the  examiner  the  impression 
.of  abnormal  quickness,  and  in  all  cases  but  one  of  the  present  series.,  the 
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double  toiJ  was  clearly  detected  clinically.  In  four  instances  a  suggestion 
of  thrill  was  felt  when  the  arm  was  held  vertically.  The  curves  are 
ch9,racterised  by  the  relatively  sharp  and  big  rise  and  by  the  two  very 
conspicuous  summits  of  nearly  equal  height.  The  second  peak  falls 
sometimes  a  little  short  of  the  first  in  amplitude  and  is  separated  from  the 
first  peak  by  0-106*  to  0182  of  a  second.  On  the  main  upstroke  a  distinct 
vibration  or  hesitation  is  seen  in  some  of  the  curves,  especially  with  the  arm 
in  the  vertical  position.  The  chief  drop  of  the  pulse  wave  precedes  the 
dicrotic  notch.  The  half  way  point  occurs  from  0017  to  0-044  of  a  second, 
the  primary  summit  from  0060  to  0-105  of  a  second  after  the  upstroke  ;  the 
second  peak  follows  the  first  after  from  0-106  to  0-182  of  a  second.  It  has  been 
observed  that  some  pulses  which  are  bisferiens  in  the  horizontal  position 
become  anacrotic  when  the  arm  is  raised  to  the  vertical. 

Class  V  (Table  VI,  Fig.  6)  merges  into  the  bisferiens  group,  and  includes 
the  records  of  anacrotic  pulses.  The  curves  show  smaller  pulses  than  those 
in  the  last  group — some  conspicuously  so.  The  graphic  pulse  wave  has  two 
more  or  less  prominent  summits,  the  second  somewhat  higher,  or  distinctly 
higher,  than  the  first.  At  times  the  first  summit  is  less  distinct  and  then 
tends  to  hold  an  even  lower  level  relative  to  the  summit  of  the  pulse. 
Exceptionally  the  initial  rise  is  rapid,  and  it  may  then  present  a  distinct 
vibration.  The  primary  (anacrotic)  wave  appears  0055  to  0-100  of  a  second 
after  the  beginning  of  the  first  rise,  and  the  highest  peak  occurs  0-122  to 
0-171  of  a  second  later  than  the  anacrotic.  This  group  merges  imperceptibly 
into  the  last  and  sixth  class. 

Class  VI  (Table  VII)  comprises  a  few  curves  showing  a  single  blunt  peak 
with  a  relatively  slow  rise.  The  half-way  point  comes  from  0-043  to  0-053 
of  a  second,  and  the  peak  from  0-110  to  0-131  of  a  second,  after  the  beginning 
of  the  upstroke. 

Wnter-hammer  qualily.  This  characteristic  of  the  pulse,  long  recogni.-^ed 
as  the  most  distinctive  of  aortic  regurgitation,  is  due  to  initial  steepness 
of  the  primary  upstroke.  In  all  instances  in  which  the  jsulse  is  of  consider- 
able amplitude,  and  in  which  the  rise  occurs  with  conspicuous  abruptness 
in  the  measured  records,  as  in  Class  I  (Table  II),  this  quahty  is  recognised 
clinically  and  is  described  as  "  water-hammer,"  the  term  being  usually 
qualified  by  the  adjective  conspicuous.  The  normal  pulse  rises  to  the 
half-way  point  in  0-031  to  0-051  of  a  second  with  the  arm  horizontal,  and  in 
0-039  to  0-051  of  a  second  with  the  arm  vertical.  In  cases  of  aortic  disease 
with  conspicuous  water-hammer  pulse  the  pulse  rises  to  the  half-way  mark 
in  from  0-006  to  0-018  of  a  second,  the  arm  being  held  vertically  ;  the  rise 
to  the  half  way  point  of  pulses  of  conspicuous  or  less  conspicuous  water- 
hammer  quality  occurs  in  0-018  to  0040  of  a  second  with  the  arm  horizontal, 

*  The  first  figure,  0-106  of  a  second,  is  exceptional,  and  in  tliis  instance  there  was  uncertainty 
as  to  whether  tlie  two  distinct  peaks  could  be  felt  clinically. 
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Fig.  1.     Curves  illustrating  the   chief  types  of  pulse  in  cases  of  aortic  disease  and  a  normal 
pulse  curve.     The  normal  pulse  record  is  drawn  with  a  heavy  line.     The  vertical  lines 
represent  time  in  fifths  of  a  second. 
(a)         Class  I :  Abrupt  up-stroke  and  thrill. 

(6)         Class  III :  Relatively  abrupt  upstroke  with  two  peaks,  the  second  appreciably  smaller. 
(c)  (li)    Class  IV:   Less  abrupt  up-stroke  with  two  equal  peaks  (bi.sferiens). 
(e)         Normal  record. 
(/)         Clas.s  V  :  Anncrotic  pulse. 


and  in  0006  to  0030  of  a  i<econd  with  the  arm  vertical.  The  upstroke 
of  the  water-hammer  records  is  e\ndently  much  more  abrupt  than  in  the 
normal  j^ulses. 

The  intervals  cited  do  not  fully  represent  the  quickness  of  the  rise  of 
the  pulse  wave  in  aortic  disease,  because  they  take  no  account  of  the 
exaggerated  pulse  pressures.  As  this  factor  cannot  be  measured  accurately 
it  is  omitted.  That  the  pulse  assumes  the  water-hammer  quahty  most 
conspicuously  when  the  arm  is  held  vertically  is  confirmed  by  the  fact  that 
the  measured  rise  in  instances  of  water-hammer  pulse  is  found  to  be  notably 
decreased  in  duration  when  the  arm  is  elevated.  The  increase  of  speed  of 
the  up-stroke  varies  from  50  to  400  per  cent.;  it  is  usually  about  100  per  cent.. 
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Table  VIII  contrast?  the  measurements  of  records  of  aortic  cases  taken 
horizontally  with  those  taken  vertically.  Corrigani  noted  the  conspicuous 
increase  in  arterial  pulsation  with  elevation  of  the  extremities,  stating  that 
a  patient  first  pointed  out  this  circumstance  to  him,  and  related  that  raising 
his  arms  above  his  head  greatly  increased  the  pulsation  of  the  vessels  of  the 
arm  and  hand. 

Quality  of  thriJl.  Corrigan  called  attention  to  the  phenomenon  of  thrill 
(fremissement)  to  be  felt  in  "  subclavian  and  carotids  ...  by  moderate 
tact  as  far  as  the  pulse  in  the  wrist."  He  noted  also  that  the  fremissement 
was  most  obvious  with  elevation  of  the  arms.  He  suggested  that  the 
phj'sical  sign  is  due  to  the  vibration  of  the  arterial  walls  by  the  blood  current 
in  the  relatively  empty  vessels.  This  palpable  thrill  or  pseudo-thrill  is 
known  to  clinicians,  and  in  our  experience  also  is  much  more  palpable 
when  the  arm  is  held  vertically  than  horizontally.  In  some  few  cases  it  is 
unmistakable,  and  in  some  instances  it  is  elusive  owing  to  its  brief  duration. 
It  consorts  almost  if  not  exclusively  with  pulses  in  which  the  upstroke  is  of 
extremely  brief  duration. 

In  all  the  records  of  Class  I  (Fig.  2),  which  were  taken  without  exception 
from  arms  held  in  the  vertical  position,  this  thrill  is  manifest.  Individual 
oscillations  have  an  average  duration  of  002  of  a  second  ;  that  is  to  say,  a 
frequence  of  50  per  second.  The  thrill  was  noted  by  palpation  in  three  of 
these  five  cases. 

Of  instances  in  which  a  thrill  or  a  tendency  to  thrill  was  noted  clinically, 
three  examples  fall  where  they  belong,  namely,  in  Class  I,  which  comprises 
pulses  from  which  the  thriU  was  clearly  recorded  grapliically.  In  two 
instances  of  the  same  group  a  thrill  was  inscribed  that  was  not  noted  chnically. 
On  the  other  hand,  a  tendency  to  thrill  was  spoken  of  chnically  in  one  case, 
but  no  trace  of  thrill  was  recorded  graphically  ;  in  this  case  an  abrupt 
upstroke  was  present,  however.  The  incomplete  harmony  between  the 
clinical  notes  and  the  records  in  respect  to  thrill  is  in  part,  if  not  entirely, 
explained  by  differences  in  external  pressure.  When  records  are  taken 
from  the  same  pulse,  ^^ith  different  pressures  of  the  wrist  band,  the  conditions 
othe^^vise  being  similar,  the  oscillations  which  constitute  the  thrill  may  be 
seen  in  some  records  and"  not  in  others.  It  is  also  true  that  the  pressure 
exerted  by  the  palpating  fingers  requires  nice  regulation  before  the  thrill 
becomes  apparent  (as  noted  by  Corrigan), 

Collapsing  quality.  We  believe  that  the  apparent  quality  of  coUapse 
in  the  aortic  pulse  is  largely  more  imagined  than  real.  That  the  fall  of 
pressure  from  the  .systohc  to  the  diastolic  level  is  greater  in  aortic 
regurgitation  (the  systolic  pressure  being  high,  and  the  diastoUc  pre-ssure 
low)  than  when  normal  pressures  prevail  is  quite  clear ;  but  that 
there  is  a  particular  phase  of  the  pulse  cycle  during  which  the  pressure 
falls  with  remarkable  steepness  does  not  appear  to  be  borne  out  by  the 
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majority  of  records.  It  is  probable  that  what  is  termed  the  quality  of 
collapse  is  often  or  usually  caused  simply  by  the  cessation  of  the  abrupt 
upstroke.  Sometimes  there  is  an  initial  and  comparatively  steep  fall 
immediately  at  the  end  of  the  up.^troke,  hut  this  fall  is  never  \er\  pronounced 
in  extent.  The  chief  fall  takes  place  from  the  summit  of  the  main  peak  to 
the  bottom  of  the  dicrotic  notch,  and  rather  in  the  late  than  early  phases 
of  this  period.  Relatively,  the  fall  of  the  curve  from  the  dicrotic  onwards 
does  not  seem  to  be  more  conspicuous  than  that  seen  in  normal  curves. 
The  hues  of  most  rapid  descent  in  the  arterial  wave  are  accomplished  before 
regurgitation  begins.  It  seems  clear  to  us  that  the  chief  qualities  of  the 
aortic  pulse  are  due  rather  to  the  low  diastoUc  pressure  prevailing  when 
systole  starts  and  to  the  character  of  this  systole  at  its  onset  and  during 
its  progress,  than  to  the  actual  regurgitation  through  the  aortic  valve.'^. 

Bi-iferieiti>  quaUtij.  In  grouping  the  grapliic  records  wc  have  placed 
together  (Class  IV,  Table  V)  the  curves  showing  two  prominent  summits 
of  nearly  equal  ampUtude.  The  curves  in  which  two  prominent  summits 
appear,  but  in  which  the  second  is  of  distinctly  less  amplitude  than  the  first, 
have  been  grouped  separately  (Class  III,  Table  IV).  though  some  of  these 
may  be  termed  bisferiens  cUnicall}-.  The  bisferiens  quaUty  of  the  aortic 
pulse  is  usually  quite  distinct  to  the  touch  :  two  summits  are  appreciated, 
the  second  following  very  quickly  on  the  first.  In  palpating  pulses  the 
second  peak,  although  present,  is  not  generally  felt  as  an  unmistakable 
phenomenon,  unless  it  rises  to  the  level  approximately  of  the  first  summit, 
although  there  are  exceptions  to  this  rule.  Of  more  frequent  occurrence 
are  the  instances  in  which  the  pulse  is  termed  bisferiens  clinically,  but 
where  the  records  show  the  second  summit  somewhat  higher  than  the  first, 
a  pulse  belonging  properly  to  the  anacrotic  group. 

The  interval  separating  the  two  peaks  is  a  factor  of  obvious  consequence 
in  determining  the  palpabihty  of  the  twin  summits.  Given  two  summits, 
these  can  be  identified  cUnically  with  ease  at  their  usual  interval,  01 46  to 
0182  of  a  second.*  One  record,  showing  two  peaks  separated  by  an  interval 
of  01 30  of  a  second,  was  taken  from  a  pulse  described  as  '"  large,  sharp 
upstroke,  thrill."  In  another  curve  of  this  same  group  the  peaks  were 
separated  by  0106  of  a  second,  and  the  chnical  description  was  '"  quick  rise  ; 
large  pulse  ;  suspicion  of  double  top  and  thrill." 

Anacrotic  qualily.  The  term  anacrotic  pidse  is  generallj'  used 
clinically,  we  tliink,  to  express  a  relatively  .slow  rising  pulse,  irrespective 
of  the  presence  of  two  palpable  summits.  If  the  term  is  to  be  accurately 
applied  chnically  it  should  be  limited  to  pulses  in  which  not  only  are  the 
two  summits  distinctly  palpable  but  in  which  the  second  is  recognised  as 
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being  distinctly  liigher  than  the  first.  It  must  be  evident  that  where  the 
difference  in  the  amphtude  of  the  two  summits  is  slight  the  second  dis- 
tinction cannot  be  accomijUshed  ;  neither  it  is  of  great  clinical  import. 
Unquestionabl}'  the  slow  rise  is  the  outstanding  clinical  feature  of  the  pulse 
which  gives  anacrotic  records.  This  impression  of  slow  rise  is  acquired 
from  the  duration  of  the  interval  between  the  beginning  of  the  upstroke  and 
the  summit  of  the  pulse  wave  as  a  whole,  for  this  summit  in  the  anacrotic 
pulse  is  not  the  primary  peak  but  the  second  ;  to  the  finger  the  latter, 
which  is  the  actual  summit  of  the  pulse,  is  most  prominent.  The 
interval  between  the  upstroke  and  the  first  summit  of  the  anacrotic 
jjulse  is  no  greater  than  the  corresponding  period  of  the  normal  curve  (i.e., 
between  the  upstroke  and  the  actual  pulse  summit),  and  Ues  usually  between 
0078  and  0-100  of  a  second.  Inasmuch  as  the  anacrotic  pulse  is  of  small 
volume  and  the  excursion  to  the  summit  of  the  first  peak  is  a  reduced 
excursion,  it  may  be  said  that  the  initial  rise  of  pressure  is  slow,  although 
the  rise  is  accompUshed  in  normal  time.  Nevertheless,  this  does  not  appear 
to  be  sufficient  to  explain  the  impression  of  the  extremely  slow  rise  which  is 
conveyed  to  the  palpating  finger.  We  ascribe  this  mainly  to  the  fact  that 
the  pulse  continues  to  ascend  to  the  summit  of  the  second  peak.  The 
measurement  of  the  upstroke  to  the  summit  of  the  second  peak  (the  summit 
of  the  pulse)  is  about  100  per  cent,  greater  than  the  interval  between  the 
upstroke  and  the  summit  of  the  normal  pulse.  C'hange  of  position  of  the  arm 
has  little  or  no  effect  on  the  measurements  of  the  records  in  the  anacrotic 
group. 

Where  the  graphic  record  shows  the  second  peak  very  distinctly  greater 
in  amplitude  than  the  first  peak,  the  pulse  is  almost  always  described 
cKnically  as  anacrotic.  Where  the  difference  in  the  amplitude  of  the  two 
peaks  is  trifling  the  clinical  impression  may  be  that  of  an  anacrotic  or  of  a 
l)isferiens  pulse,  the  first  diagnosis  predominating  when  the  pulse  excursion 
is  small,  the  second  when  the  excursion  is  greater.  In  a  few  instances  it  is 
possible  to  appreciate  with  the  finger  not  only  the  slow  rise  of  the  pulse  to  its 
summit  and  the  presence  of  two  peaks,  but  also  to  be  fairiy  certain 
that  the  second  peak  is  greater  in  amplitude  than  the  first. 

Pulses  combining  the  uiater -hammer  and  the  anacrotic  quality.  Some 
few  pulse  curves  in  aortic  cases  combine  the  qualities  of  water-hammer  and 
anacrotic  records  ;  there  may  be  in  the  early  phases  of  the  upstroke  an 
abnormally  abrupt  rise  of  pressure,  yet  the  first  peak  may  not  actually  be 
the  summit  of  the  pulse.  One  type  of  this  combination  is  seen  in  the  curves 
of  Fig.  2,  Class  I,  where  the  extremely  abrupt  upstroke  is  followed  by  a  line 
which  still  ascends.  This  type  and  the  record  in  which  there  is  a  single 
small  oscillation  near  the  centre  of  a  relatively  abrupt  upstroke  (Class  III, 
Fig.  4)  are  perhaps  not  correctly  termed  anacrotic,  in  that  this  term 
usually  appHes  that  the  first  or  lower  peak  corresponds  to  the  primary  wave 
of  a  normal  pulse.      There  are,   however,   occasional  instances  where  the 
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recorded  pulse  is  of  tlie  true  anacrotic  type  but  where  the  fii'st  portion  of  the 
upstroke  is  abnormally  steep  (an  example  is  shown  in  Fig.  6,  c).  Such 
pulses  may  or  may  not  be  identified  as  anacrotic  cUnically. 

In  a  number  of  instances  pulses  may  be  termed  anacrotic  clinically, 
while  in  the  graphic  records  the  first  summit  is  scarcely  to  be  distinguished. 
There  is  a  gradual  transition  from  the  anacrotic  records,  on  the  one  hand, 
to  those  in  which  the  pulse  wave  rises  after  a  great  delay  to  a  single  summit. 
Unless  the  two  summits  of  the  true  anacrotic  types  are  very  clearly  defined 
on  the  records,  the  two  peaks  cannot  be  appreciated  by  palpation. 


SCMMARY. 

The  pulse  as  recorded  graphically  in  aortic  disease  is  exceedingly  varied 
in  form  ;  the  chief  abnormal  quaUties  which  it  presents,  and  these  may  be 
displaA'ed  singly  or  in  combination,  are  : — (1)  Unusually  abrupt  upstroke  ; 
(2)  the  presence  of  two  prominent  summits  which  may  be  of  equal  or  almost 
equal  height  (bisferiens)  or  of  which  the  first  maj'  be  of  distinctly  less 
araphtude  than  the  second  (anacrotic)  ;  and  (3)  the  occasional  presence  of 
rapid  oscillations  on  the  upstroke  or  plateau,  constituting  a  brief  thrill.  All 
of  these  quahties  may  be  recognised  to  a  greater  or  less  extent  by  the 
palpating   finger. 

The  impression  of  the  water-hammer  quahty  is  caused  by  the  abruptness 
with  which  the  pidse  pressure  rises  and  by  this  alone.  The  impression  of  the 
slow  rise  when  the  pulse  is  anacrotic  is  brought  about  by  the  great  increase 
in  the  interval  between  the  beginning  of  the  upstroke  and  the  actual  summit 
(i.e.,  formed  in  this  instance  by  the  second  peak).  The  bisferiens  quality 
is  distinctl}^  palpable  when  the  summits  are  conspicuous  and  when  they  are 
separated  lay  an  interval  of  01 29  of  a  second  or  more. 

Apart  from  the  recognised  quicker  descent  of  pressure  throughout  the 
whole  of  the  latter  periods  of  the  pulse  cycle  in  aortic  regurgitation,  there 
appears  to  be  no  especially  steep  phase  of  descent  which  warrants  the 
appUcation  of  the  term  "  collapse  "'  to  such  pulses  ;  if  such  a  term  is 
warranted,  then  it  applies  especially  to  that  phase  of  the  pulse  which  precedes 
the  dicrotic  incisure,  and  consequently  it  does  not  appear  to  be  associated 
directly  with  regurgitation  through  the  aortic  valves. 
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TABLE  I. 

Normal  curve 


Blood 
Pressure. 

tJpsti-okc  to 
half-way  point 
on  upstroke. 

Upstroke  to 
primary  wave. 

Upstroke  to 
predicrotic 
summi. 

Primary  summit 
'"fummT" 

Pulse 

r.c. 

Arm 
hori- 
zontal. 

verti- 
cal. 

Arm 
hori- 
zontal. 

Arm 
verti- 
cal. 

Arm 
hori- 
zontal. 

Arm 
verti- 
cal. 

Arm 
hori- 
zontal. 

Arm 
verti- 
cal. 

Arm 
hori- 
zontal. 

Ami 
verti- 
cal. 

F.      51* 

125;80t 

■046t 

■044 

■Ill 

•108 

— 

— 

_ 

_ 

67 

72 

S.       04 

120  86 

•038 

■042 

■095 

•118 

•234 

•232 

•139 

•114 

62 

63 

T.      .5,-, 

112  80 

■0-17 

■046 

■103 

•129 

•233 

•238 

•130 

•109 

75 

83 

J.      Jli 

130  90 

■035 

■047 

■098 

•130 

•233 

~ 

•135 

- 

70 

73 

M.     58 

128  80 

■031 

■042 

■089 

•101 

•234 

•231 

•145 

•130 

78 

72 

G.   101 

102  70 

■051 

•050 

■129 

•129 

241 

•239 

•112 

•110 

66 

63 

C.    102 

120/60 

■033 

■051 

■091 

•101 

•268 

•266 

•177 

•165 

66 

70 

F.    103 

120,70 

•040 

•040 

•130  ,      103 

•260 

- 

•130 

- 

66 

71 

W.  105 

120'70 

•042 

•051 

•110        146 

•281 

- 

•171 

- 

49 

55 

L.    107 

132/70 

•032 

•039 

•075       -102 

•255  i     — 

•180 

- 

63 

66 

*  The  letter  is  the  jmtient's  initial,  and  the  number  that  of  the  record  in  the  series, 
t  Each  fiiiure  in  this  antl  succeeding  tables  is  an  averaye  of  three  measurements. 
J  Systolic  and  diastolic  auscultatory  readings. 

TABLE  Jl. 

Class   I.      Aortic  curris.* —  Veri/  dhnipt  iipiilnikc  ivilh  rapid  oscillations.. 


!  Begin- 

Be?in- 

niDg  of 

" 

Signs. 

Clinical  descrijiiiou 
of  pulse. 

Pulse 

Blood 
pres- 

upstrok, 

half-°va^ 
point,., 

(sec). 

..scilla- 

tion 
per  sec. 

S.  47 

Diastolic     murmurf 
at  aortic  cartilage, 
transmitted  down 
sternum. 

Conspicuous     water- 
hammer,     ill    sus- 
tained ;    increased 
excursion  with  sug- 
gestion of  thrill  in 
vertical    positon. 

83 

180/40 

•006 

•081 

•023 

44 

M.44 

Diastolic      muiniurt 
at  aortic  cartilage. 

Water-hammer.      ill 
sustained  ;  a  ten- 
dency to  thrill  in 

70 

148/40    •ooe 

•070 

•022 

46 

vertical  position. 

F.  73 

Diastolic     murraiu^t 
at  aortic  cartilage. 

Water-hammer; 
bisferiens. 

61 

160/38 

•010 

•092 

■018 

56 

B.  64 

Diastolic  murmur  at 

Conspicuous    water- 

83 

194/70 

•018 

•100 

•019 

53 

aortic  cartilage. 

hammer  ;  pulse  in- 
clined to   thrill  in 
vertical  position. 

D.  78 

Diastolic     murraur+ 
at  aortic  cartilage. 

Conspicuous    water- 
hammer  ;    ill  sus- 
tained. 

87 

80/50,    -017 

■031 

•021 

48 

*  Curves  taken  with  arm  held  vertically. 

t  A  systolic  murmur  also  was  audible  at  the  aortic  cartilage  in  most  cases. 


AORTIC     PULSE. 

TABLE   III. 


Class  II.      Ac 


Abrupt  upstroke,  simjle  peal. 


Signs. 

Clinical  description  of 
pnlse. 

Pulse 
rate. 

Bloo'l 

Begin- 
ning of 
upstroke 

half-way 
point  on 
upstroke 
(sec.). 

Begin- 
ning of 
npstroke 
tosam- 

mlt  of 
primary 

(sec.). 

D.  45 

Diastolic     murmur 
aortic  cartilage. 

at 

FuU     water-hammer,     ill     sus- 
tained ;     increased  excursion 
and  tendency  to  thrill  in  ver- 
tical position. 

9*> 

158/40 

•024 

•064 

B.  41 

Diastolic     murmur 
aortic  cartilage. 

at 

Almost  full  water-hammer  with 
a  suspicion  of  double  shock. 

75 

170,50 

•030 

■081 

B.  64 

Diastolic     murmur 
aortic  cartilage. 

at 

Conspicuous        water-hammer ; 
inclined   to   thrill   in   vertical 
position. 

82 

194/70 

•027 

•069 

C.  87 

Diastolic    murmiu- 
aortic  cartilage. 

at 

Quick  upstroke  ;  ill   sustained  ; 
tendency  to  thrill  in  vertical 
position. 

75 

160  60 

•025 

■073 

T.  108 

Diastolic    murmur 
3rd  left  cartilage. 

at 

Moderately  full  water-hammer  ; 
quick    rise,    sustained    for    a 
short  while,  then  falls  away. 
Double  peak  not  felt. 

84 

I90'5C. 

•028 

•070 

Curves  taken  with  arm  in  horizontal  position. 


TABLE  IV. 
(7a.«-  ///.      Aortic  curies.* — Abrupt  rise,  two  peak-t,  oscillation  on  upstroke 


- 

signs. 

Clinical  (iest-riptiou 
of  pulse. 

Pulse 
rate. 

Blood 
pres- 

Begin- 
ning of 
upstroke 

Begin- 
ning of 
upstroke 

m^t""S 
primary 
wave 
(sec). 

Begin- 
upstroke 

'(sec.). 

PrimaiT 

second 
summit 
(sec.). 

R.  99 

DiastoUe  murmur  at 
aortic       cartilage, 
transmitted  down 

Quick  upstroke;  large 
pulse  ;  double  top 
just     perceptible : 
somewhat  feeble  in 
vertical  po.sition. 

73 

160/40 

■018 

•081 

•223 

•142 

G.  97 

Diastolic  murmur  at 
aortic  cartilage. 

Large    pulse  ;  quick 
upstroke  ;    double 
top  just  percepti- 
ble ;  thrill  in  ver- 
tical position. 

74 

152/52 

■027 

•070 

•212 

■142 

F.73 

Diastolic  murmur  at 
aortic  cartilage. 

Water-hammer ;  bis- 
feriens. 

63 

160/38 

•040 

■107 

•263 

•156 

*  Curves  taken  with  arm  in  horizontal  positi 
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TABLK  Y. 
Class  IV.* 


Clinical  description 


Begin- 
ning of 
npsirolse 

to 
half-way 
point  on 
upstrolie 
(sec). 


Begin-  Begin- 
ning of  ning  of 
ipstrokf,  upstroke 


primary 
(sec). 


Diastolic  murmur ; 
systolic  thrill  at 
aortic  cartilage. 


>;.    71     Diastolic     murmiu- ; 
J       systolic    thrill    at 
aortic  cartilage. 


Diastolic  murmur  at 
aortic  cartilage, 
transmitted  down 
sternum. 

Diastolic  miu-miu-,  at 
aortic  cartilage, 
transmitted  down 
sternum. 

Diastolic  murmur  at 
aortic  cartilage. 


Diastolic  murmur  at 
aortic  cartilage. 


H  Gl  Diastolic  murmur  at 
aortic  cartilage; 
systolic  thrill. 

W.109  Diastolic  munmir  at 
aortic  cartilage. 


Quick  rise,  distinctly 
bisferiens,  tend 
ency  to  thrill  on 
elevation  of  arm. 

Bisferiens.  medium 
size,  easily  pal- 
pable. 


Large    pulse,    sharj 
upstroke  ;  thrill. 


Water  -  hammer : 
slight  bisferiens  : 
suspicion  of  thrill 
in  vertical  posi- 
tion. 

Quick  rise ;  large 
pulse ;  suspicion 
of  double  top  and 
thrill. 

Bisferiens. 


Bisferiens.  sudden 
xipstroke  felt  from 
time  to  time;  well 
sustained. 

Bisferiens  ;  tipstroke 
quicker  then  nor- 
mal. 


70   1 1.50/50    on 


134  40       025 


49       140  80      -042 


■  Curves  taken  with  arm  in  horizontal  pi 


AORTIC    PULSE. 


TABLE   VI. 
-  Utlfitiieli/  slow  ipslroke  ;  two  peal^s,  the  second  higher.' 


-                         Signs. 

Clinical  descriptiou 
of  pulse. 

Pulse 
rate. 

Blood 
pressure. 

Begin-      Begin- 
DiGsof    ningof 
uiKtroke  upsux>ke 

erotic     highest 
sammit   summit 
(see.).       (sec. ,. 

1    Ana- 
crotic to 

(sec.). 

C.     (53 

Dia.stolic  murmur; 
pulmonary   car- 
tilage. 

Sharp     upstroke:      pulse 

even  when  arm  is  ver- 

Slow  rising  :  double  peak 
the  second  higher. 

08 

200/70 

■078        -201 

•123 

S.     82 

Diastolic   murmur 
and     thrill      at 
aortic  cartilage. 

51 

150  70 

■082        ■25;{ 

... 

K.    (i'J 
J.     (iU 

Diastolic   murmur 
at    aortic   carti- 
lajre. 

Diastolic  murmur ; 
.s\stolic  thrill  at 
aortic  carriage. 

Slow  rising  :  first  half  of 
upstroke     quicker      in 
vertical   position. 

Slight        water  -  hanuner 
double      topped,       the 
second  higher. 

an 

170/40 
120  00 

•055       -210 
■093       -219 

•101 
•120 

IX    (55 

Diastolic  murmur; 
systolic  thrill  at 
base. 

Slow     ri.sing ;  smalt,     no 
anacrotic  notch. 

59 

140/80 

•090       •237 

•147 

JI.    90 

Diastolic   miu^nur 
at  base. 

.-Vuacrolic. 

55 

152/90 

•100       -200 

•100 

B.    91 

Diastolic  murmur; 
systolic  thrill  at 
aortic  cartilage. 

Anacrotic:  double  topped 
pulse  distinctly  anacro- 
tic in  vertical  position. 

50 

100 '140 

•OSO       -247 

•107 

R.    !)4 

Diastoli    murnuu-; 
systolic  thrill  at 
base. 

Bisferiens,    not    a    large 
jiulse    for    aortic    dis- 
ease:   peaks  equ.l. 

60 

152  50 

•087        232 

•145 

.1.  Ill 

Systolic    thrill     at 

.^IKUIOii   ■. 

7S 

i:>M  7(1 

■u'Jl       -21:! 

'-- 

iken  with  arm  in  horizontal  po-sition. 
TABLE  VII. 

ri„<,<t   V  T. —  Relatively  slow  rise;  .-injle  hhinl  pcni.: 


- 

Sigu^. 

Cliuicai  lie 

-cnpli 

n  of  i.i 

,... 

I'ulse 

Blood 
pressure. 

Begin- 
ning of 
upstroke 

Ualf-wav 
point  on 

(sec). 

Up- 
stroke 

summit 
(sec.). 

A 

72 

Diastolic     murmur 
aortic  cartilage. 

at 

Water-hamr 

.er: 

single 

peak. 

09 

110  40 

•049 

■131 

B. 

75 

Diastolic 
4th  lift 

murmur    at 
interspace. 

Slow  rising 

;  anacrotic 

(?) 

87 

98/70 

•053 

-126 

L. 

49 

Diastolic 

murmur 

at 

Horizontal : 

FuUj 

developed. 

82 

220/58 

•043 

•110 

Corrigan  ;  sudden  upstroke, 
fairly  well  sustained. 
'crtiral :  Sudden  upstroke  in- 
creased ;  thrill  most  proba- 
bly not  present ;  moderately 
full  water-hammer. 


'  Curves  taken  with  arm  in  hi 
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TABLK  Vlll. 


Table  oj  mea^uremvnts  of  pulses  in  aortic  disease,  comparing  records  I 
and  in  vertical  position. 


Class. 

Upstroke  to  half 
upstroke 

-way  point  on 
(sec). 

Upstroke  to  highest  peak  {sec). 

Horizontal.                     Vertical. 

Horizontal. 

Vertical. 

I.     78 

•035                                017 

■090 

•031 

64 

•021 

■018 

•072 

•100 

47 

•022 

•006 

■058 

■081 

44 

•026 

•006 

■089 

■07!) 

73 

•040 

•010 

•107 

■092 

II.     87 

•025 

•013 

■073 

•115 

64 

•027 

•019 

■069 

•099 

41 

•030 

•033 

■081 

■079 

45 

•024 

•010 

■064 

■051 

99 

•018 

■027 

•081 

•070 

108 

•028 

■028 

■070 

•083 

III.     99 

■018 

■027 

•081 

■070 

97 

•027 

■026 

■070 

■067 

73 

•040 

•010 

■107 

■092 

IV.     36 

•017 

_ 

■060 

_• 

71 

•034 

■025 

■084 

■098 

112 

•028 

■029 

•081 

110 

■032 

■038 

■081 

■082 

77 

•031 

■040 

■085 

126 

96 

■028 

■027 

■081 

■082 

39 

•044 

•087 

— 

67 

•041 



■084 

— 

61 

•042 



■105 

— 

109 

•042 

•030 

■079 

■081 

V.     63 

•031 

026 

•203 

■211 

82 

•039 

•079 

•253 

■274 

69 

•026 

•040 

•216 

■203 

66 

•063 

•058 

■219 

•175 

65 

•057 

•237 

90 

•068 

•073 

•266 

•243 

91 

•057 

■047 

•247 

233 

94 

•045 

■035 

•232 

■243 

111 

•033 

■055 

•087  (-203) 

•213 

VI.     72 

•046 

•049 

•1,0 

75 

•053 

■\-2i^ 

49 

■043                1                  04:! 

•lln                                   1.1 

*  0^203  of  a  second  is  the  interval  between  the 
is  distinctly  less  in  amplitude  thaft  the  first  summit 
The  reverse  is  true  with  the  arm  held  vertically. 
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Fig.  G. 


Fig.  .5.  Class  IV. 
summits  of  al 
Cur\es  of  thi 
(rf)  P.  110;    (e)  Jic 


Fig. 


Curve.s    showing   a   relatively   sharp   and   big    rise,   with  two  conspicuous 
3st  equal  height.     Sometimes  there  is  a  distinct  vibration  on  the  upstroke, 
type  belong   to  the   bisferiens  group,     (a)  S.  36:  (6)  N.  71:  M  G    112- 
■"(f)  W.  96  ;  (3)  W.  39  ;    (/,)  R.  07,  in  Table  V. 

x.-i  of  small  pulses,  rising  relatively  slowly.  There  are  two  prominent 
r  which  IS  a  little  or  distinctly  higher.  Records  of  this  type  belong  to 
•..^       (a)C.  63;    (6)  S.  82  :    (c)  K.  69  ;  (</)  J.  66;  (e)  M.  90 ;   (/)  B.  91 ; 


ARBORIZATION     BLOCK. 

By  ALAN  N.  DRURY.* 

{From    University  College   Hospital  Medical  School.) 

In  1916  Oppenheimer  and  Rothschild,^  as  the  result  of  the  observations 
of  a  series  of  cases,  described  an  abnormal  and  permanent  form  of 
electrocarchograra,  which  they  considered  to  be  associated  «ith  a  very 
definite  form  of  myocardial  involvement. 

The  abnormalities  of  the  electrocardiogram  described  affected  cliiefly 
the  QRS  group,  and  were  as  follows  : — ■ 

The  duration  of  the  QRS  complex  was  abnormally  prolonged  beyond 
the  normal  Umit  of  01  of  a  second.  The  B  wave  was  to  be  found  notched, 
or  the  ascending  or  descending  limb  splintered.  The  typical  diphasic  curves, 
with  the  large  waves  of  experimental  bundle-branch  block,  were  absent,  and, 
in  contradistinction,  in  many  cases  low  voltage  curves  were  obtained  in  all 
three  leads.  The  myocardial  involvement,  associated  bj'  them  with  this 
form  of  electrocardiogram,  was  found  on  post-mortem  examination  to  be  due 
to  lesions  produced  primarily  by  coronary  artery  sclerosis  with  closure  of  the 
anterior  descending  branch  of  the  left  coronary  artery.  Such  a  lesion 
produced  a  patchy  sclerosis,  widely  disseminated,  but  confined  for  the  most 
part  to  the  endocardial  and  subendocardial  layers  of  the  ventricular 
musculature.  The  changes  were  much  more  conspicuous  in  tlie  left  than  in 
the  right  ventricle,  and  affected  chiefly  the  septal  wall,  producing  tliinning 
or  aneurism  of  the  left  ventricular  wall.  Such  a  sclerosis,  as  they  found 
post-mortem,  they  considered  had  affected  the  Purkinje  network,  and  had 
produced  a  serious  conduction  disturbance  in  the  tissues  beyond  the 
termination  of  the  right  and  left  branches  of  the  atrio-ventricular  bundle  ; 
a  conduction  disturbance  which  showed  itself  in  the  above  mentioned 
changes  in  the  electrocardiogram.  Altered  conduction  through  the 
arborization  of  the  Purkinje  network  gixing  rise  to  the  bizarre  electro- 
cardiogram, they  called  "  arborization  block,"  and  maintained  it  was  a 
very  definite  condition  and  to  be  recognised  easily.  The  prognosis  of 
tills  condition  they  stated  to  be  unfavourable. 

*  Wuiking  un  Lehulf  of  the  Jledical  Research  Council. 
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Again,  iu  1917,  Oppenheimer  and  Rothscliild-'  amplified  their  original 
statement  by  a  descrijjtion  of  sixty-two  cases.  Tliey  drew  tlie  same 
conclusions  both  as  to  the  electrocardiographic  and  post-mortem  findings. 
The  serious  nature  of  the  condition  was  again  emphasised. 

In  1918  Carter!  described  a  series  of  cases  wliich  gave  similar  electro- 
cardiographic findings  to  those  described  by  Rothscliild  and  Oppenheimer. 
He  amplified  the  electrocardiographic  findings  by  drawing  attention  to  the 


Fig.  1.  Diagrammatic  drawing  of  the  left  ventricle  (two-thirds  natural  size),  showing  the  area 
of  naked  eye  fibrosis,  the  blocks  cut  histologically,  and  the  distribution  of  the  atrio- 
ventriciilnr  bundle  and  its  branches. 


cUrection  of  the  notched  i?  waves,  which  were  found  to  be  opposite  in 
leads  /  and  /  /  /,  and  to  the  T  wave  being  in  a  direction  opposite  to  the 
initial  peaks.  The  examination  of  the  heart  post-mortem  showed  that  they 
conformed  both  on  naked  eye  and  histological  examination  to  the  type 
designated  by  Rothschild  and  Oppenheimer  as  cases  in  which  the 
electrocardiogram  should  show  "  arborization  block."  Complete  histological 
examination  of  the  atrio-ventricular  bundle  showed  that  definitely  focal 
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lesions  involving  the  main  stem  and  its  branches  might  be  found  in  cases 
giving  the  low  voltage  curves  characteristic  of  the  diffuse  sclerosis. 

In  1918  WiUius^i  described  138  cases  of  tliis  same  condition  and  also 
brought  forward  clinical  signs  and  symptoms  wliich  are  to  be  found  associated 
with  it.  The  hearts,  post-mortem,  sliowed  disease  of  the  sub-endocardial 
myocardium.  Neuhof'^  and  Wedd^'^  have  also  reported  cases,  and  drawn 
similar  conclusions.  The  condition  "  arborization  block,"  as  reported  in  the 
above  papers,  would  appear  to  be  quite  definite.  We  are  led  to  beheve  that 
it  is  easily  recognisable  by  the  bizarre  form  of  electrocardiogram,  that  the 
prognosis  can  be  made  with  a  fair  degree  of  certainty,  and  that  the  post- 
mortem findings  may  be  completely  anticipated.  The  case  herein  reported 
throws  doubt  upon  the  first  and  last  of  these  conclusions.  It  at  any  rate 
gives  proaf  that  there  are  exceptions,  and  that  lesions,  such  as  are  described 
by  Rothschild  and  Oppenheimer  and  others,  may  be  found  post-mortem, 
and  j'ct  the  electrocardiograms  obtained  maj'  show  no  departure,  such  as 
they  describe,  form  the  normal  tj'pe. 

Rothschild  and  Oppenheimer's  hypothesis  is  twofold.  In  the  first 
place  they  believe  that  an  obstructive  lesion  of  the  descending  brancli  of 
the  left  coronary  artery  interferes  with  tlie  conduction  power  of  the 
corresponding  arborization  in  the  left  ventricle.  In  the  second  place,  they 
believe  that  failure  of  conduction  through  this  portion  of  the  arborization 
yields  characteristic  electrocardiograms  of  the  form  described.  Combining 
the  two  hypotlieses  they  believe  that  obstruction  of  the  descending  branch 
of  tlie  left  coronary  gives  rise  to  the  characteristic  electrocardiograms. 


Clinical  History. 

The  patient,  C.P.,  male,  aged  48,  first  attended  University  CoUege 
Hospital,  on  November  20,  1919.  He  complained  of  a  duU  prsecordial  pain 
which  radiated  down  his  left  arm  to  the  elbow,  palpitation  and  breathlessness 
which  he  first  exiDerienced  in  1917,  and  latterly  brought  on  by  slight  effort. 
His  family  liistory  gave  no  evidence  of  rheumatic  fever  or  chorea.  He  had 
been  a  healthy  man.  There  was  no  evidence  or  history  of  sj'philis.  He 
presented  no  signs  of  venous  congestion.  The  heart  was  not  enlarged,  and 
there  was  no  evidence  of  a  valvular  lesion.  The  rhythm  was  irregular.  An 
electrocardiographic  record  was  taken  at  this  date. 

He  was  seen  next  on  January  8,  1920.  There  was  no  change  in  the  signs 
or  symptoms.  On  February  19,  1920,  he  reported  again  and  said  that  for 
the  preceding  two  weeks  he  had  been  much  worse.  At  this  date  he  showed 
conspicuous  congestion,  ears,  skin  and  neck  and  tongue  were  cyanosed. 
His  liver  was  down  to  his  umbilicus.  His  heart  was  a  good  deal  enlarged. 
An  electrocardiographic  record  was  taken  on  this  date.  He  was  admitted 
into  hospital  and  died  eleven  days  later. 
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Post-mortem  examination. 


Naked-ejje  examination  of  heart. — The  post-mortem  examination  of  the 
heart  of  this  case  showed  conspicnous  and  easily  recognisable  pathological 
changes. 

In  the  pericardial  cavity  were  several  ounces  of  clear  fluid.  The  heart 
weighed  18  ounces.  On  the  external  surface  of  the  heart  were  several  milk- 
like spots  on  the  ventricular  surfaces.  One.  about  the  size  of  a  shiUing, 
was  situated  at  the  junction  of  the  ventricles  posteriorly,  and  another  on 
the  conus. 

The  right  auricle  was  much  dilated.  There  were  many  ante-mortem 
clots  between  the  trabeculae,  some  of  which  had  become  cystic  in  their 
centres.  The  right  ventricle  was  also  dilated.  The  muscular  walls  appeared 
healthy.  Both  the  tricuspid  and  pulmonary  valves  were  normal.  The 
left  auricle  was  dilated.  No  clots  were  found  in  it.  The  endocardium 
showed  thickening  over  the  whole  surface. 

The  left  ventricle  was  dilated  and  its  wall  was  tliin.  Extensive  fibrosis 
of  the  muscular  tissue  at  the  apex  of  the  left  ventricle  with  thickening 
and  fibrosis  of  a  corresponding  area  of  endocardium,  was  seen.  The  area 
of  fibrosis,  about  1^  inches  in  diameter,  extended  upward  on  the  septum  to 
witliin  three  quarters  of  an  inch  of  the  aortic  valve.  Tliis  fibrotic  tliickening 
of  the  endocardium  was  verj'  dense  and  overlay  a  sheet  of  almost  cartilagi- 
nous fibrous  tissue,  wliich  sent  processes  into  the  muscle,  thus  reducing  its 
thickness.  The  lateral  wall  of  the  left  ventricle  at  its  junction  with  the 
septum  was  also  involved.  At  the  apex  was  an  adherent  ante-mortem  clot 
about  half  an  inch  in  thickness.  The  aortic  valves  showed  very  shght 
traces  of  thickening  and  appeared  competent.  The  mitral  valves  admitted 
three  fingers. 

The  aorta  showed  scattered  atheromatous  patches,  these  becoming 
more  diffuse  around  the  coronary  opening  and  the  sinuses  of  Valsalva.  The 
right  coronary  artery  was  patulous  and  dilated  ;  large  patches  of  atheroma 
were  scattered  throughout  its  length.  These  atheromatous  areas  ended  at 
the  posterior  descending  branch. 

The  left  coronary  artery.  The  orifice  of  this  vessel  was  small.  Near 
its  origin  it  divided  into  two  branches.  The  circumflex  branch  was  patent, 
dilated  and  atheromatous.  The  descending  branch  was  stenosed  by  a 
fibrotic  lesion,  probably  of  a  few  weeks'  standing,  which  rendered  the  vessel 
almost  impervious.  One  half  inch  lower  down  the  lumen  of  the  descending 
branch  was  completely  obstructed  by  fibrosis  and  calcareous  tissue.  Thus 
the  macroscopic  lesion  was  identical  with  those  described  by  Rothschild 
and  Oppenheimer. 

Histological  examination.  A  histological  examination  was  made  of 
certain  parts  of  the  ventricular  musculature,  as  shown  in  Fig.  1. 
All  gave  evidence  of  the  completeness  of  the  lesion  affecting  the 
septal  and  lateral  wall  of  the  left  ventricle.     In  all  the  endocardium  was 
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thickened  and  fibrosed.  Beneath  the  tliickened  endocardium  of  tlie  left 
ventricle,  even  in  the  blocks  taken  from  the  jiarts  where  no  naked  eye  fibrosis 
was  discernible,  a  thick  sheet  of  fibrous  tissue  was  found.  This  sheet  varied 
in  thickness  in  the  different  blocks  cut,  extending  from  one  eighth  of  the 
total  thickness  of  the  septal  wall  in  the  upper  blocks  to  two  thirds  in  blocks 
taken  from  the  centre  of  the  fibrotic  area.  From  this  sheet  strands  of  fibrous 
tissue  extended  through  to  the  surface  of  the  right  ventricle,  and  in  many 
places  formed  a  network  of  varjing  mesh,  in  which  smaller  or  larger  masses 
of  muscle  fibres  were  embedded.  A.  large  number  of  small  muscle  masses 
had  been  walled  in  by  the  fibrosis,  in  some  cases  lying  near  the  thickened 
endocardium,  and  were  found  in  varying  degrees  of  degeneration. 

Throughout  the  blocks,  small  areas  of  lymphocytic  infiltration  were  noted. 
The  fibrotic  area  was  well  supplied  with  blood  vessels  and  a  large  number 
of  extremely  tiiin  walled  veins  were  seen  in  the  fibrotic  area,  close  beneath 
the  endocardium. 

The  atrioventricular  bundle.  This  was  traced  from  its  origin  in  the 
atrio-ventricular  node.  The  main  bundle  was  traced  without  break  from  the 
node  to  its  division  into  left  and  right  branches.  It  was  thickly  surrounded 
in  several  parts  of  its  course  by  fibrous  tissue,  which  radiated  into  and 
infiltrated  the  bundle  itself.  Evidences  of  degeneration  were  noted,  but 
there  was  no  evidence  of  either  a  break  in  the  bundle  by  fibrosis  or  a  focal 
degeneration  affecting  the  whole  cross  section  of  the  bundle.  The  left 
branch  began  to  curve  away  from  the  main  bundle  early  in  its  course,  and 
this  branch  extended  through  a  large  number  of  consecutive  sections.  The 
bundle  branch  had  a  wide  origin  from  the  main  bundle,  and  the  sheet  of 
bundle  tissue  thus  formed  could  be  traced  clown  to  the  lower  levels  of 
block  B  with  ease,  and  could  be  picked  up  in  sections  of  D  and  E.  Beyond 
this  it  was  impossible  to  trace  it,  for  at  this  leve^  the  fibrosis  had  become 
much  denser,  and  the  issue  was  confused  by  the  large  number  of  very  small 
muscle  masses  which  had  been  walled  in  by  fibrosis,  and  which,  hnng  close 
under  the  endocardium,  were  undergoing  var\4ng  degrees  of  degeneration. 

It  is  impossible  to  comment  upon  the  Purkinje  tissue  in  the  lower 
areas.  It  might  be  assumed  that  the  inabihtj'  to  trace  the  tissue  was  due 
to  its  being  destroyed  by  the  dense  fibrosis  present  in  the  endocarcUal  and 
subendocardial  laj^er  of  the  ventricular  musculature.  This  is  conjecture, 
and  cannot  be  denied  or  proved  bj'  the  histological  findings.  The  bundle 
and  its  left  and  right  branches  for  a  distance  of  one  centimetre  from  the 
division  were  unbroken  and  continuous,  although  surrounded  and  infiltrated 
by  the  fibrosis  present  in  the  heart. 

To  sum  up,  the  heart  presented  the  following  lesions.  A  complete 
and  old  standing  occlusion  of  the  anterior,  descending  branch  of  the  left 
coronary  artery.  An  intense  fibrosis  of  the  septal  and  lateral  walls  of  the 
left  ventricle. 

The  main  stem  of  the  atrio-ventricidar  bundle  and  its  left  and  right 
branches  were  unbroken  so  far  as  they  were  followed. 
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Electrocardiographic  fi ndi n gs . 

Two  electrocardiograms  were  taken  from  tliis  case.  The  first  was  taken 
on  November  20th,  1919,  one  hundred  and  two  days  before  death.  This 
curve  shows  no  abnormality  save  that  of  ventricular  extrasystoles.  The 
PR  interval  is  of  normal  duration.  The  QRS  group  of  deflections  is  of 
normal  contour  and  its  duration  is  not  increased.  In  brief,  the  features  of  a 
normal  electrocardiogram  with  ventricular  extrasystoles  are  exhibited 
(Fig.  2). 
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Fii.  2.      Electrocardiogram   taken  on  November  20lh,   1919.     One  hundred  and  two  days 
before  death.     Time  in  fifths  of  a  second. 


The  second  curve  was  taken  on  February  IPth,  1920,  eleven  days 
before  death.  This  electrocardiogram  shows  auricular  flutter  vrith  a  2  :1 
block.  The  ventricular  elements  of  the  curve  are  similar  to  those  previously 
obtained.  The  duration  of  the  QRS  group  is  well  within  the  limits  of 
normality,  being  0-84  of  a  second  (Fig.  3). 

In  neither  of  the  electrocardiograms  do  the  ventricular  complexes 
present  the  features  described  by  Rothschild  and  Oppenheimer  and  others. 
There  is  no  notching  of  the  R  wave,  nor  splintering  of  the  ascending  or 
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descending  limbs.     The  QRS  complex  has  a  duration  less  than  0- 1  of  a  second 
in  both  curves. 

It  may  be  argued  that  with  flutter  present  the  whole  phase  is 
shortened  and  that  the  QRS  complex  has  suffered  in  this  way.  There  is, 
however,  no  suggestion  of  lengthening  of  the  QRS  complex  in  the  first 
electrocardiograms.  At  that  date,  as  evidenced  by  the  clinical  history 
and  the  post-mortem  examination  of  the  heart,  the  cardiac  lesions  must 
have  been  well  develoired,  and  the  electrocardiogram  should  have  shown 
some  change  in  duration  and  form.  The  QRS  complex,  in  the  second 
electrocardiogram,  has,  moreover,  held  the  contour  of  the  original  electro- 
cardiogram unchanged. 


Fig.  ;!.      Elect rocarrliogr, 
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Cotuvicnt. 


In  the  case  here  described  the  findings  are  so  clear  that  furtlier 
observations  upon  the  condition  "  arborization  block "  seem  not  only 
desirable  but  essential,  before  the  conclusions  drawn  in  regard  to  it  can  be 
accepted.  Both  naked  eye  and  histological  appearances  stamp  the  heart 
as  identical  with  those  described  by  Oppenheimer  and  RothscMld  and  others  ; 
but  the  ventricular  complexes  of  the  electrocardiogram  were  normal  and 
did  not  conform  to  the  tyj^e  which  these  workers  describe. 

Experimental  evidence  is  opposed  to  the  view  that  the  type  of 
electrocardiogram  which  they  describe  can  be  definitely  associated  with 
lesions  of  the  descending  coronary  vessel.  Smith®,  in  experiments  upon 
dogs,  in  which  the  anterior  descending  branch  of  the  left  coronary  was 
hgated  and  in  which  the  animals  were  kept  alive  for  periods  up  to  ninety 
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days,  saw  no  electrocardiograms  of  the  types  described  by  Rothschild  and 
Oppenheimer.  The  post-mortem  examination  showed  that  the  fibrosis, 
both  in  degree  and  distribution,  was  similar  in  the  dog's  heart  with  the 
fibrosis  described  in  the  human  subject  by  the  above  workers.  In  later 
work,  in  which  the  lesions  of  arborization  block  were  imitated  by  making 
transverse  cuts  in  the  endocardial  and  subendocardial  tissue  of  the  left 
ventricle,  Smith^'  has  again  failed  to  obtain  electrocardiographic  curves  of 
the  types  under  discussion. 

It  is  also  well  kno«n  that  the  bizarre  type  of  electrocardiogram 
embodying  the  features  of  the  so-called  "  arborization  block  "  may  also 
occur  evanescently  in  other  cardiac  lesions  ;  Robinson'' '  has  reported  such 
cases.  Herrick,^  moreover,  has  reported  a  case  in  which  the  heart  at  post- 
mortem was  found  to  be  identical  with  the  hearts  described  by  Rothschild 
and  Oppenheimer.  In  this  case,  the  electrocardiogram  jiossessed  none  of 
the  features  associated  by  these  writers  with  the  lesion  in  question. 

The  experimental  evidence,  the  case  described  by  Herrick,  and  the 
appearance  of  a  similar,  though  evanescent,  bizarre  electrocardiogram  in 
many  types  of  cardiac  lesions,  suggest  that  other  factors  than  those  brought 
forward  by  the  above  workers  must  be  in  play  to  produce  these  abnormahties 
of  the  electrocardiograms.  Coupling  these  facts  with  the  case  here  reported, 
it  appears  desirable  that  the  whole  C|uestion  of  so-called  "  arborization 
block,"  supposedly  resulting  from  obliteration  of  the  coronary  vessel  and  its 
effects  upon  the  electrocardiogram,  be  reconsidered. 

Summary. 

A  case  is  described  in  M'hich  on  post-mortem  examination  the  heart 
was  found  to  be  identical  with  the  hearts  described  by  Rothschild  and 
Oppenheimer,  namely,  widespread  fibrosis  consequent  upon  closure  of  the 
descending  branch  of  the  left  coronary  artery. 

The  electrodiographic  curves  obtained  from  this  case  presented  none 
of  the  features  described  by  these  workers  as  characterising  this  particular 
lesion. 
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HEART  BLOCK  INFLUENCED  BY  THE  VAGUS. 

H.  J.  STARLING.* 
(Norwich.) 

H.  M.,  AGED  51,  a  farm  labourer,  was  admitted  to  the  Norfolk  and 
Norwich  Hospital  on  March  5th,  1919.  under  Dr.  A.  J.  Cleveland,  by  whose 
courtesy  I  was  enabled  to  make  the  observations  of  ^larch  5th  and 
April  10th. 

Previous  History.  He  suffered  from  an  attack  of  influenza  twenty 
years  ago,  the  only  illness  he  has  ever  had.  He  has  always  been  strong 
and  healthy.  In  November,  1918,  he  had  a  shght  cold,  and,  very  shortly 
after,  two  slight  fits.  He  did  not  go  to  bed  but  kept  at  work  until  Februarj- 
25th,  1919.  On  this  date  he  had  four  fits,  and  during  the  first  fell  down 
and  hurt  himself.  Since  then  he  has  had  many  fits  daily.  He  describes 
the  fits  as  '"  seizures,''  wliich  commence  with  pain  in  the  left  side  of  the 
abdomen,  passing  up  the  left  side  of  the  chest  and  followed  by  flushing  of 
face,  inability  to  speak,  and  sometimes  unconsciousnes.s.  He  has  passed 
urine  iu  one  or  two  of  these  attacks. 

Family  history.  His  father  and  mother  are  strong  and  healthy.  There 
were  seven  children  in  the  family,  but  only  three  daughters  and  this  son 
are  alive.  The  second  daughter  has  petit  mal.  The  third  daughter  had 
epileptic  fits  from  birth  and  died  in  an  a.sylum,  aged  42. 

Condition  on  March  5th,  1919.  A  strong,  well-built  man,  with  good 
colour,  and  a  genial,  somewhat  stupid  expression.  His  pulse  rate  varies 
from  60-80  per  minute,  and  is  regular  for  long  periods  of  time.  Two  or 
three  times  dining  an  hour,  sometimes  more  frequently,  there  is  an 
intermission  of  the  pulse  for  varying  periods.  If  only  a  few  beats  are  lost, 
the  patient  stops  talking,  or  eating  if  at  a  meal,  appears  confused,  -with 
flushed  face,  and  then  resumes  his  normal  condition.  Dining  the  longer 
intermissions,  the  attack  begins  as  has  been  described,  the  face  then  becomes 
more  and  more  cyanosed,  the  breathing  quickens,  becomes  deeper  and 
finally  sterterous,  and  after  two  or  three  seconds,  a  typical  fit  commences, 
with  twitching  of  the  face  and  jerking  of  the  limbs.  When  the  ventricle 
resumes  its  beat  the  symptoms  disappear  and  the  patient  regains 
consciousness  within  halt  to  one  minute. 

*  Workmg  on  l-eiialf  oi  the  .Meflicai  K^seareh  C'oiuicil. 
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The  patient  volunteered  the  statement  that  these  attacks  were  very 
frequent  at  meal  times,  and  that  he  could  often  bring  them  on  by  repeated 
swallowing. 

The  heart  is  not  enlarged.  A  soft  systoUc  bruit  can  be  heard  at  the 
apex  in  all  postu'-es  and  in  all  phases  of  respiration.  His  blood  pressure 
is  160-110  (systohc  and  diastoUc). 

Nervous  system.  The  pupils  are  equal  and  react  normally.  The  knee 
jerks  are  present.  Plantar  reflexes  are  flexor  in  type.  The  special  senses 
appear  normal.  The  Wassermann  reaction  was  negative.  An  X-ray 
examination  during  the  intermission  of  the  pulse  shows  cessation  of 
ventricular  systole. 

March  26ih,  1919.  There  were  long  periods  of  regular  pulse  witli 
normal  a-c  interval,  rate  60-80.  On  three  separate  occasions  the  patient 
was  asked  to  swallow,  and  within  3-4  beats  there  occurred  an  intermission 
of  the  ventricular  beat  for  a  period  during  which  4-6  regular  auricular  beats 
took  place  (Fig.  1).  On  one  occasion  swallovdng  failed  to  produce  tliis 
occurrence.  The  effect  of  atropine  was  not  tried.  The  lap.se  of  ventricular 
beat  also  took  place,  without  apparent  swallowing,  some  two  or  three  times 
during  the  hour,  precipitately  and  ^\ithout  any  previous  lengthening  of  the 
a-c  interval.  Exercise  raised  the  pulse  rate  to  105  per  minute  ;  as  the  pulse 
slowed  down  there  appeared  frequent  ventricular  premature  beats,  causing 
a  bigeminal  pulse  and,  later,  occasional  longer  periods  of  ventricular  silence 
(Fig.  2). 

April  lOlh,  1919.  The  a-c  interval  was  still  normal.  The  periods  of 
lapse  of  the  ventricular  beat  were  more  frequent,  occurring  8-10  times  an 
hour.  About  once  in  the  hour  the  period  would  be  unusually  prolonged, 
lasting  eleven  seconds.  Unconsciousness  supervened  after  three  seconds  ; 
fits  after  5-8  seconds,  ending  with  the  return  of  the  normal  pulse,  varied  by 
ventricular  premature  beats.  There  were  still  periods  of  half  to  one  hour  in 
which  no  intermission  of  the  pulse  occurred. 

The  patient  was  discharged  from  hospital  shortly  after  this  date. 

May  30th,  1919.  The  patient  was  seen  at  his  home  in  the  country. 
The  pulse  was  normal,  rate  76  per  minute,  with  no  lengthening  of  a-c  interval, 
for  some  10-20  beats,  then  occurred  failure  of  ventricular  response  lasting 
some  3-5  seconds,  followed  by  another  10-20  normal  beats.  The  longer 
periods  of  ventricular  silence  were  also  more  frequent,  occiirring  as  often 
as  once  in  10-15  minutes.  The  longer  as  well  as  the  shorter  periods  of 
ventricular  silence  were  precipitate  as  before.  At  4.30  p.m.  atropine, 
ly33  of  a  grain,  was  given  intravenously.  Ventricular  lapses  ceased  at 
4.40  p.m.  At  5.5  p.m.  the  pulse  rate  was  85  per  minute  (Fig.  3).  At 
5.20  p.m.  the  first  lapse  of  a  ventricular  beat  occurred,  and  both  this  and  the 
succeeding  period  were  interrupted  by  an  idioventricular  beat.  Following 
this  occurred  still  longer  periods  of  ventricular  quiescence  with  fits,  of  wliich 
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the  longest  recorded  lasted  twelve  seconds.      These  continued  intermittently 
until  the  patient  went  to  sleep. 

On  awaking  the  next  morning,  May  31st,  the  patient  noticed  the 
absence  of  fits,  and  he  has  had  no  more  since. 

June  28th,  1919.  The  patient  attended  at  the  out-patient  department 
of  the  hospital.  The  polygraph  record  suggests  complete  block.  The 
ventricular  rate  was  43  per  minute  and  the  auricular  rate  was  110. 

July  3lst,  1919.  The  patient's  condition  was  unchanged.  The 
ventricular  rate  was  41  and  the  auricular  rate  was  90.  The  patient  went 
to  work  the  next  day  and  has  done  a  full  day's  work  daily  since. 

January  8th,  1920.  The  patient's  condition  was  unchanged.  The 
ventricular  rate  was  45  per  minute  and  the  auricular  rate  SO. 

August  I2fh,  1920.  The  ventricular  rate  was  38,  the  auricular  rate  SO. 
Exercise  did  not  affect  the  ventricular  rate,  but  the  auricular  rate  rose  to  85 
(Fig.  5). 

November  llth,  1920.  The  ventricular  rate  was  48,  and  the  auricular 
rate  75.  After  an  intravenous  injection  of  atropine,  1  33  of  a  grain,  the 
ventricular  rate  was  not  increased,  but  the  auricular  rate  rose  to  95  (Fig.  6). 


Discussioti. 

The  case  must  be  viewed  from  two  aspects,  namely,  that  of  the  influence 
of  the  vagus  in  producing  the  ventricular  standstill,  and  that  of  the 
existence  of  a  definite  lesion  of  the  A-  V  bundle. 

It  has  been  shown  that  on  three  separate  occasions  when,  as  far  as 
could  be  ascertained,  no  other  factor  was  operative,  determinate  swallowing 
was  followed,  after  a  brief  interval,  by  a  lapse  of  ventricular  beats  for  3-4 
seconds.  The  a-c  interval  remained  normal  up  to  the  moment  of  non-response 
of  the  ventricle  to  the  auricle.  Mackenzie^  has  pubUshed  a  similar  case  of 
heart  block  arising  from  vagal  stimulation  excited  in  a  like  fashion,  but  in 
his  case  the  vagus  increased  the  degree  of  pre-existing  heart  block,  a  prolonged 
a-c  interval  being  already  present. 

The  attacks  of  heart  block  could  be  aboUshed  by  atropine,  and  Mere 
thus  presumably  dependent  on  vagal  stimulation.  Laslett^  describes  a 
similar  condition,  but  with  this  diiference,  that  in  liis  case  the  auricles 
participated  equally  with  the  ventricles,  so  that  there  was  a  standstill  of 
the  whole  heart.  The  attacks  were  also  abohshed  by  atropine  in  his 
patient. 

The  lapse  of  ventricular  response  always  occurred  without  warning, 
that  is,  without  any  preliminary  lengthening  of  the  a-c  interval.  A  similar 
feature  was  recorded  by  Lewis^  in  a  case  where  the  ventricle  ceased  its  beating, 
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the  auricle  continuing  to  beat  at  its  former  rate,  the  A-  V  conduction  being 
generally  perfect.  In  Lewis's  case,  however,  atropine  failed  to  give  relief, 
in  contradistinction  to  this  case,  where  atropine  abolished  the  attacks,  it 
might  be  said,  up  to  the  eleventh  hour. 

After  May  31st,  1919,  the  patient  had  no  more  fits,  and  the  tracings 
after  this  date  leave  little  doubt  that  a  condition  of  permanent  com- 
plete heart  block  had  supervened.  The  auricular  rate  was  at  first  110 
per  minute,  but,  during  the  course  of  the  next  few  months  it  slowed  down 
to  72.  The  ventricular  rate  still  varies  from  38-48.  On  November  llth, 
1920,  the  intravenous  injection  of  atropine  1/33  of  a  grain,  failed  to  affect 
the  ventricular  rate,  which  remained  at  45  per  minute.  The  auricular  rate, 
however,  was  raised  from  75  to  95  per  minute.  It  would,  appear,  therefore, 
that  this  is  a  case  in  which  the  A-  V  bundle  is  definitely  diseased,  the  condition 
being  a  progressive  one,  resulting,  after  a  time,  in  complete  heart-block. 

During  the  progress  of  this  condition,  as  long  as  there  remained  intact 
anj^  fibres  of  the  A-  V  bundle  capable  of  transmitting  stimuli,  the  a-c  interval 
remained  unchanged.  The  lapse  of  ventricular  beats  was  brought  about 
mainly,  if  not  entirely,  by  vagal  influence.  This  assumption  is  sujiported 
by  the  result  of  vagal  stimulus  by  swallowing  and  of  the  abolition  of  vagal 
stimidus  by  atropine. 


An  instance  of  heart  block  is  described  in  a  man  who  gave  a  family 
history  of  epilepsy.  In  the  early  course  of  the  disease  the  heart  action 
A\as  for  the  most  part  normal,  but  the  ventricle  failed  to  respond  to  the 
auricle  from  time  to  time  for  a  series  of  cycles.  These  periods  of  ventricular 
quiescence  were  associated  with  unconsciousness  or  convulsions  ;  the 
attacks  were  often  provoked  by  swallowing,  and  were  aboHshed  by  atropine  ; 
they  were  provoked  through  vagal  influences.  The  normal  rhythm,  so 
interrupted,  continued  until  complete  heart  block  was  disjilayed  ;  after 
this  event  no  further  seizures  occurred. 
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OBSERVATIONS  IPoX  FLUTTEIJ  AND  FIBRILLATION. 

Part  V.— CERTAIN  EFFECTS  OF  FARADIC  STIMULATION  OF  THE 
AURICLE. 

By  THOMAS  LEWIS  and  THOiMAS  F.  COTTON.* 

(  University  College   Hospital  Medicnl  School.) 


In  previous  articles  of  this  series  in  wliich  flutter  and  allied  disorders 
of  the  auricle  have  been  studied  as  after-effects  of  stimulation,  these 
disorders  have  been  induced  by  stimulating  the  auricle  either  with  a  faradic 
current  or  Avith  rhythmic  induction  shocks.  The  difference  between  the 
two  forms  of  stimulation  is  one  of  degree  rather  than  of  kind,  for  the  faradic 
stimulation  consists  of  rhj^thmic  induction  shocks  of  very  high  rate.  In  our 
experiments  the  rate  of  the  faradic  shocks  has  varied  between  2,500  and 
3,300  per  minute  ;  the  rhythmic  induction  shocks  have  been  used  uj)  to 
rates  of  800  per  minute,  but  have  usually  been  employed  at  rates  of  400  to 
500  per  minute.  The  two  forms  of  stimulation  yield  similar  after-effects, 
both  provoke  flutter,  impure  flutter  and  fibrillation  in  given  animals,  the 
only  noticeable  difference  between  the  two  in  respect  of  long  after-effects 
being  that  in  auricles  predisposed  to  flutter,  the  flutter  after-effect  is  more 
readily  induced  in  auricles  predisposed  to  it  by  the  relatively  slow,  form  of 
rhj-thmic  stimulation.  Other^\ise  the  form  of  the  long  after-effect  does  not 
appear  to  be  controlled  by  the  nature  of  the  stimulus  emj)loyed  ;  for  in  an 
auricle  predisposed  to  flutter  long  continued  fibrillation  cannot  be  induced 
by  faradic  stimulation  ;  neither  can  flutter  be  induced  in  an  auricle  predisposed 
to  fibrillation  by  using  shocks  of  lower  rate.  Such,  at  all  events,  is  our 
experience. 

The  2)resent  observations  were  undertaken  to  ascertain  why  faradic 
or  rhythmic  stimulation  should  produce  similar  after-effects,  and  have 
resolved  themselves  essentially  into  an  enquiry  into  the  nature  of  the 
auricular  action  following  almost  immediately  upon  the  cessation  of  faradic 
stimulation. 


'  Working  on  behalf  of  the  IMedical  Researcli  fouucil. 
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If  stimulating  electrotles  carrying  faratUc  siiocks  are  applied  to  the 
right  auricular  appendix  or  to  the  region  of  the  inferior  vena  cava,  the  disorder 
in  the  auricle  at  the  moment  stimulation  ceases,  and  for  some  little  while 
afterwards,  is  not  uniform  at  different  points  of  its  surface.  The  events 
are  different  in  that  part  of  the  musculature  which  immediately  surrounds 
the  point  stimulated  and  in  that  part  w  hich  is  more  remote. 


General  sfatenieni  of  re.sH//v. 

If  two  closely  paired  contacts  are  laid  upon  some  portion  of  the  body 
of  the  right  auricle  and  the  faradic  current  is  turned  for  a  short  while  into 
the  muscle  in  the  immediate  neighbourhood  of  the  contacts,  then,  when 
stimulation  ceases,  the  electrogram  from  these  paired  contacts  almost  always 
presents  a  series  of  very  rapid  oscillations.  The  oscillations  follow  each 
other  at  rates  varying  somewhat  in  different  observations  ;  usually  the 
rate  is  approximately  1,500  to  1,800  a  minute  ;  occasionally  it  may  be  as 
high  as  2,400  per  minute  ;  rarely  the  rate  immediately  after  stimulation 
has  ended  is  relatively  low,  namely,  400  to  500  oscillations  per  minute. 

The  initial  rapid  oscillations,  which  are  the  rule  in  electrograms  from 
the  region  stimulated,  may  be  regular  in  form  for  brief  periods,  but 
irregularity  of  form  from  oscillation  to  oscillation  or  change  of  form  (sudden 
or  gradual)  in  succeecUng  periods  of  a  second  or  a  fraction  of  a  second  is 
much  commoner.  When  there  is  irregularity  of  form  from  oscillation  to 
oscillation  there  is  also  considerable  irregularity  in  incidence  ;  during  the 
brief  periods  when  the  form  is  maintained  the  irregularity  in  incidence  is 
much  less  and  may  be  almost  absent. 

The  high  initial  rate  of  oscillation  is  not  long  maintained  ;  the  rate 
falls  gradually,*  other  features  of  the  oscillations  being  maintained,  until 
rates  from  600  to  350  per  minute  are  reached  (see  Table  I).  The  rate  of 
350  to  450  is  always  reached,  providing  the  after-effect  lasts  15  to  20  seconds. 
The  rate  has  usually  fallen  to  500,  or  to  a  figure  somewhat  below  this,  in 
about  8  to  10  seconds.  In  a  large  number  of  observations  upon  six  dogsj 
we  saw  no  rate  surpassing  500  to  600  a  minute,  10  seconds  after  stimulation 
had  ceased  ;  but  we  recorded  rates  as  low  as  420  to  450  per  minute  at  the 
end  of  3  and  6  seconds.  When  this  stage  is  reached  the  electrical  events  in 
the  region  originally  stimulated  and  in  that  remote  from  it  are  not,  so  far 
as  we  have  seen,  essentially  different. 


*  A  similar  falling  of  rate  was  observed  by  Kothberger  and  V\interberg  (Archiv.  f.  d.  ges. 
Physiol.,  1915,  cr.x,  4^2-90)  in  their  experiments  :  but  these  were  conducted  mider  different  con- 
ditions and  the  high  rate  was  found,  so  it  would  seem  from  their  account,  over  the  whole  right 
auricular  surface  in  the  initial  phases  of  the  aftereffect.  Tlie  animals  employed  by  these 
workers  were  under  the  influence  of  pilocarpine  or  muscarine. 

t  Ansesthetised  fully  with  morhpia,  paraldehyde  and  ether. 


FLUTTER     AND     FIBRILLATION 


1 

1 

1   o 

1 

1 

i    . 

-.i 

. 

I    « 

T. 

Ml 

1        £ 

i        ^ 

o 

1 

! 

i 

liii 

O 

1 

: 

■•- 

« 

§1 

* 

^ 

^11 

s 

3 

3 

J 

1 

1 

s 

1 

S  s 

M 

1 

^ 

^ 

< 

i; 

< 

< 

<! 

< 

<! 

< 

III 

s 
s 

si 

1 

s 

1 

II 

II 

1 

i2 

11 

y 

i' 

jl 

SCO 

1 

P 

1* 

55  S 

1^ 

>j  O    J 

fe  i 

1   "= 

o    . 

c 

1 

1 

§ 

111 

-I 

1 

ll 

t 

1 

ll 

i 

pit 

l! 

o 

1 

■^1 

ii 

•5  "V 

ll 

3  o 

li 

o 

llil 

gji 

i°- 

§ 

2§ 

ll 

'^ 

5 

<M 

!-" 

^_ 

1  °  5'" 

5 

1? 

i 

to 

i 

ill 

* 

g 

i 

i 

i 

i 

CO 

1 

is 

iS 

2^;r 

=9 

o 

"? 

2 

2 

2 

o« 

« 

(M         ^ 

o 

t^ 

■* 

oc 

"^ 

cS 

o 

. 

1 

,  i 

5" 

c. 

■N 

.: 

^i! 

a 

fc^ 

. 

^' 

cS 

"1 

« 

" 

S 

J       1 

K 

« 

' 

5 

i 

. 

3 

tc 

l-si 

s; 

Bii 

= 

?^ 

c. 

£ 

|l 

;f 

1 

D 

§ 

l§ 

; 

i 

£ 

g 

:* 

■2 

1 

i 

2 

5 

1 

= 

T 

2    hs 

£-• 

(5 

i 

1 

J 

5 

s 

b 

a   \i 

1 

s 

-"     1 

Hi 

^      w 

[d 

i-j 

1-5                 1 

1-J 

1 

1-5 

*-5 

1 

^     1 

40  T  .     L  E  \Y  I  S     A  N  J)     T  .     F  .     C  ()  T  T  ()  N  . 

Tlicre  is  Ijut  an  incomplete  relation  between  the  duration  of  the  very 
rapid  oscillations  and  tlie  length  of  the  after-effect.  When  the  after-effect 
lasts  some  5  to  10  seconds  onl}',  the  oscillations  in  the  region  stimvilated 
usually  persist  at  rates  surpassing  500  to  600  per  minute  until  the  normal 
rhythm  is  abruptly  resumed.  Where  the  after-effect  is  short,  very  rapid 
rates  of  oscillation  may  prevail  vintil  almost  the  very  end  of  the  after-effect. 
Thus,  rates  of  900  to  1,000  have  been  recorded  within  a  fraction  of  a  second 
of  the  actual  termination,  and  rates  of  600  (or  cycles  of  0-1  of  a  second) 
at  the  actual  termination.  The  highest  rates  (over  1,000),  however, 
are  not  seen  at  the  actual  termination.  When  the  rate  is  1,000  within  a 
fraction  of  a  second  of  the  ending  of  the  after-effect  a  few  cycles  of  longer 
duration  (i.e.,  01  of  a  second  or  longer)  are  interposed  between  the  shorter 
preceding  cj'cles  and  the  actual  termination.  It  appears  that  so  long  as 
rates  surpassing  900  to  1,000  per  second  prevail  locally,  the  after-effect  in 
the  auricle  as  a  whole  will  continue  ;  though,  providing  there  is  a  sufficiently 
rapid  fall  from  the  rate  of  1,000,  the  continuation  may  be  brief.  It  appears 
that  the  termination  may  come  before  rates  as  low  as  450  or  500  per  minute 
are  reached.  It  appears  also  that  although  the  disorder  in  the  auricles 
generally  is  initiated  by  the  local  disturbance,  that  the  former  may  persist 
while  the  latter  is  not  maintained  ;  in  the  longer  after-effects  the  special 
local  disturbance  ends  and  the  tissue  stimulated  presents  the  same  apparent 
condition  as  the  remainder  of  the  auricle.  The  hisli  rates  are  not  maintained 
locally  for  more  than  about  10  seconds,  but  the  disorder  in  the  whole  auricle 
may  be  continued  for  many  minutes  (see  Dog  J  K.,  Table  I)  or  even  for 
an  hour. 

The  extent  of  tissue  involved  by  the  very  rapid  excitation  waves  is 
variable.  In  the  same  series  of  experiments  it  was  found,  on  stimulating 
a  point  on  the  right  auricular  appendix,  tiuit  the  very  rapid  deflections  were 
to  be  obtained  over  an  area  of  approximately  8  to  10  millimetres  in  radius. 
The  rate  is  very  similar  in  stimxdtaneous  leads  from  two  pairs  of  contacts,  the 
one  lying  at  the  point  stimulated,  the  other  some  8  to  10  milhmetres  away  ; 
but  if  the  second  pair  of  contacts  is  removed  to  a  greater  distance  the  rate  in 
the  corresponding  electrogram  is  conspicuously  lower,  being  usually  very 
similar  to  that  prevailing  in  the  body  of  the  auricle  {i.e.,  350  to  450  per  second). 

Upon  stimulating  the  inferior  vena  cava,  the  extension  has  in  our 
experi«ients  been  greater.  Curves  from  tissue  removed  as  much  as  15  to 
20  milhmetres  from  the  point  of  stimulation  are  often  found  to  exhibit 
oscillations  of  the  highest  initial  rate  (1,500  to  1,800  per  minute  :  thus,  when 
the  inferior  cava  is  stimulated,  the  area  of  muscle  thrown  into  this  higli  grade 
of  disorder  may  spread  well  up  the  body  of  the  right  auricle,  even  to  tlie  mid- 
caval  region  and  to  the  centre  of  the  body  of  the  auricle. 

The  effects  described  are  those  obtained  by  faradic  currents  a  little  in 
excess  of  the  threshold  value.  We  have  not  investigated  the  effect  of 
varying  strengths  of  current  upon  the  extent  of  tissue  so  involved. 
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Djj  JAf.  (Record  J 12.)  Ths  arrangemsnt  of  leading  off  cont 
right  of  the  chart.  The  chart  itself  analysss  the  lettered  porti 
as  vertical  arrows.  Ths  position  of  an  arrow,  relative  to  its  <  ■ 
downstroke  in  the  record  ;  the  direction  of  the  arrow  indicat- 
wave  was  nu  or  down  the  corresponding  pair  of  contacts.  If  :; 
a  downstroke  in  the  curve.  The  broken  arrows  indicate  tlu 
the  impress  left  on  both  pairs  of  contacts.  The  interval?  1 
intervals  between  corres|)onding  deflections   of  the  two  curve 
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Fig.  3.     Dog  JG.     {Record  4.)     A  chart  showing  the  analysis  of  Fig.  fi.     The  intrinsic  deflecti 
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In  investigating  the  extent  of  tissue  involved  by  means  of  two  pairs 
of  contacts,  each  pair  being  connected  to  a  separate  recording  fibre,  it  is 
customary  to  find  the  fastest  rate  exhiffited  in  the  curves  from  both  the 
proximal  and  the  distal  pair,  or  the  fastest  rate  by  the  proximal  pair  and  a 
rate  of  350  to  450  by  the  distal  pair,  according  to  the  distance  which  separates 
the  pairs  of  contacts.  It  is  unusual  to  see  oscillations  of  the  fastest  rate 
in  the  curves  from  the  proximal  lead  and  of  an  intermediate  rate  (750  to 
900  per  minute)  in  the  curves  from  the  distal  lead  ;  the  change  from  the 
highest  rate  at  the  point  stimulated  to  the  lowest  rate  which  prevails  in  the 
main  mass  of  the  auricle  is  abrupt,  or  relatively  abrupt,  and  the  boundary 
between  the  most  agitated  section  of  muscle  and  the  remainder  is  fairly 
sliarply  defined.  On  occasion,  and  on  occasion  only,  when  the  pairs  of 
contacts  are  fortunately  placed,  a  relation  may  be  established  between  the 
rapid  excitation  waves  recorded  by  the  more  proximal  and  the  slower 
excitation  waves  recorded  by  the  more  distal  contacts.  Thus  a  .simple 
2  :1  relation  may  be  seen,  broken  into  from  time  to  time  by  jieriods  in  which 
the  rate  in  the  two  curves  is  equal. 

Description  of  curves. 

To  illustrate  and  ampUfy  the  statements  of  the  foregoing  general  account 
of  what  we  find,  we  describe  a  few  selected  observations. 

Example  1.  Two  pairs  of  contacts  were  placed  on  the  body  of  the 
right  auricle  in  Hne  with  the  inferior  vena  cava.  The  contacts  were 
connected  so  that  the  proximal  pair  (P  in  Fig.  1)  was  connected  to  the 
bottom  string  and  the  distal  pair  {D  in  Fig.  1)  to  the  top  string,  as  these 
record  in  Fig.  4  ;  in  each  case  the  C  contact  lay  towards  the  inferior  cava. 
The  two  C  contacts  lay  8  milUmetres  apart.  The  inferior  vena  cava  was 
stimulated  faradically  in  hne  with  the  contacts,  and  at  a  point  6  millimetres 
from  the  nearest  contact  (P  C).  .Stimulation  continued  for  10  seconds 
and  was  then  \\  ithdrawn.  An  after-effect  lasting  5  seconds  resulted,  and  part 
of  this  aftcr-ett'eet  is  displayed  in  Fig.  4.  This  figure  shows  the  two 
electrograms  and  a  muscle  curve  from  the  right  ventricle.  The  electrograms 
show  a  series  of  very  rapid  oscillations  throughout,  the  rate  being  approxi- 
mately 1,500  i^er  minute  at  the  beginning  of  the  figure,  but  falHng  at  the  very 
end  of  the  curve  to  almost  half  this  rate.  The  after-efl'ect  ceased  \ritliin  a 
second  or  two  of  the  end  of  this  record.  In  both  electric  curves  many 
steep  intrinsic  deflections  are  to  be  seen,  and  from  time  to  time  these  appear 
to  be  grouped  fairly  regularly,  at  other  times  they  are  much  less  regular, 
both  in  amplitude  and  incidence.  At  no  period  is  the  amphtude  constant, 
and  from  time  to  time  tiie  chrection  of  the  deflections  becomes  rever.sed. 
Here  is  no  simple  disorder,  but  a  complex  one.  The  measurements  of  a 
portion  of  this  figure  (the  deflections  marked  a  to  s  in  Fig.  4)  are  charted 
in  Fig.  1.  The  intrinsic  deflections  are  rei^resented  as  vertical  arrows  in 
two  lines  I)  and  P  (curves  from  distal  and  proximal  pairs  of  contacts)    the 
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lengths  of  the  arrows  representing  tlie  lieights  or  (lei)ths  of  the  deflections, 
and  their  directions  representing  the  directions  taken  by  the  excitation 
waves  in  passing  beneath  the  contat-ts  which  are  sliown  to  the  right  of  the 
chart.  Between  the  arrows  the  int«r-intrinsic  intervals  are  written 
horizontally  in  decimal  points  of  a  second.  The  intervals  between  what  are 
regarded  as  corresponding  deflections  in  the  two  curves  are  written  vertically 
on  the  chart  between  the  two  Unes  of  arro^^•s. 

Now  the  intrinsic  deflection  a  to  j  are  amongst  the  most  regular 
deflections  of  the  whole  curve,  yet  these  also  vary  in  amphtude,  and  on  minute 
measurement  display  a  slight  but  definite  irregularity  of  rhj'thm.  The 
maximal  differences  in  their  lengths  in  the  two  curves  amount  to  00070 
and  00050  of  a  second,  which  is  well  beyond  the  possible  error  in  measure- 
ment. There  is  a  similar  variation  in  the  intervals  between  intrinsic 
deflections  of  the  top  and  bottom  curve  which  are  regarded  as  corresponding, 
the  maximal  variation  being  00074  of  a  second.  Correspondence  between 
intrinsic  deflections  of  the  top  and  bottom  curve  is  thought  to  be  present 
because  the  rate  is  the  same,  and  because  shortening  or  lengthening  of  the 
inter-intrinsic  intervals  in  the  one  curve  seems  to  correspond  with  similar 
shortening  or  lengthening  of  the  intervals  in  the  bottom  curve.  This  is 
particularly  displayed  by  the  lengths  of  intervals  jk  in  the  two  curves. 
Consider  the  deflections  a  to  j  in  the  two  curves  as  a  group.  They  represent 
excitation  waves  which  arrive  almost  rhythmically  at  the  contacts,  striking 
the  Z  contact  of  each  pair  first,  and  striking  the  cUstal  before  the  proximal 
pair  of  contacts.  These  observations  are  in  liarmony  and  confirm  the  view 
that  the  same  excitation  waves  pass  both  pairs  of  contacts  ;  they  show 
also  that  these  exitation  waves  are  travelhng  towards  the  inferior  vena  cava, 
the  point  originally  stimulated.  The  general  direction  taken  by  these 
excitation  waves  in  their  passage  over  the  contacts  is  indicated  by  the 
broken  arrows  of  the  figure.  Up  to  excitation  wave  k  the  events  are 
relatively  regular  ;  but  from  this  point  onwards  they  are  not.  At  cycle  I 
the  interval  between  distal  and  proximal  deflections  changes  from  a  plus  to 
a  minus  quantity,  indicating  that  the  direction  pursued  by  the  excitation 
wave  has  become  changed,  now  reaching  the  jjroximal  before  the  distal 
contacts  ;  at  the  same  time,  the  direction  of  the  deflection  in  the  distal 
curve  becomes  reversed,  a  change  which  accords  with  this  conclusion.  From 
this  point  onwards  the  deflections  show  minor  changes  in  amphtude,  form 
and  incidence,  the  interpretation  of  which  is  indicated  by  tlie  remaining 
broken  arrows.  It  is  supposed  that,  while  the  first  excitation  waves  (a-k) 
flowed  beneath  both  pairs  of  contacts  towards  the  inferior  cava,  and  while  the 
excitation  wave  m  flowed  in  almost  the  reverse  direction,  in  some  cycles  the 
direction  was  not  precisely  the  same  for  the  paired  contacts  taken  individually. 
Now  the  precise  method  of  spread  at  each  cycle  may  not  be  analysable,* 
but  such  analj'sis  is  not  necessary  to  estabhsh  the  following  conclusion. 

*  It  is  only  in  some  of  the  curves  that  the  analysis  ran  be  taken  as  far  as  in  the  present 
instance  ;  many  show  greater  complexity. 
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The  muscle  in  tlie  neighbourhood  of  the  point  originally  stimulated 
is  thrown  into  a  state  of  feverish  activity  ;  waves  of  excitation  passing  over 
it  at  a  rate  equal  to  or  not  far  below  that  at  which  the  original  faradic  shocks 
entered  the  muscle.  These  waves  do  not  follow  a  constant  path,  thej-  strike 
now  one  contact  and  now  another  first  of  all.  For  a  few  cycles  they  may 
follow  an  almost  constant  path  ;  then  the  direction  changes,  a  new  path 
having  been  chosen.  Yet  manj'  of  them  are  propagated  for  considerable 
distances,  certainly  through  at  least  8  millimetres  of  muscle,  the  distance 
separating  corresponding  contacts  of  the  two  pairs. 

This  example  is  one  of  many  which  we  possess  of  the  cUsturbances 
in  the  region  stimulated  ;  manj-  of  the  curves  which  show  oscillations  of 
liigh  frequence  are  more  complex  than  that  here  used  as  an  illustration, 
the  intrinsic  deflections  constantly  changing  their  forms,  amplitude  and 
direction  ;  even  the  partial  analysis  of  such  ciurves  in  detail  is  at  present 
impossible. 

The  usual  event  is  to  discover  ver\-  rapid  oscillations  in  the  region 
stimulated,  while  the  curves  of  axial  leads  (such  as  lead  //)  speak  of 
impure  flutter  or  fibrillation  in  the  auricle  as  a  whole.  The  direct  leads 
from  muscle  remote  from  the  point  stimulated  conform  to  tliis 
finding,  for  the  curves  from  these  show  relatively  slow  deflections 
(rates  350  to  500)  varjing  to  some  extent  or  greatly  in  amphtude  and 
incidence ;  in  other  words,  the  muscle  at  a  distance  from  the  point  stimulated 
is  activated  by  excitation  waves  which  foUow  each  other  at  rates  such  as 
are  seen  when  the  auricles,  as  a  whole,  are  in  a  state  of  impm-e  flutter  or 
continued  fibriUation.  In  the  former  case  many  of  the  intrinsic  deflections 
are  placed  regularl}-  and  have  a  regular  amphtude  and  direction  ;  in  the  latter 
case  the  intrinsic  deflections  are  irregularlj^  placed,  varj-  greatly  in  form  and 
differ  in  direction.  Ciirves  of  the  first  tj-pe  have  been  fully  illustrated 
in  Part  IV  of  the  present  series  of  articles  ;  curves  of  the  second  type  will 
be  described  in  detail  in  a  future  article. 

Example  2.  In  another  after-effect,  lasting  8  seconds  in  the  same  animal, 
the  point  of  stimulation  was  the  same  ;  the  leading-off  contacts  were 
similarly  arranged  (see  Fig.  1)  but  were  moved  7  millimetres  further  away 
from  the  point  of  stimulation  :  the  nearest  contact  lay  13  miUimetres  instead 
of  6  millimetres  from  the  point  stimulated.  A  record,  taken  during  the 
early  part  of  the  after-effect,  is  shown  in  Fig.  5.  The  curve  from  the  proximal 
lead  (P)  is  very  similar  to  the  curve  of  Fig.  4.  Very  rapid  oscillations  (rate 
approximately  1,500  per  minut*)  are  seen  throughout  the  curve  ;  these 
exhibit  irregularity  in  amphtude  and  at  times  in  direction.  In  curves 
from  the  distal  lead  the  oscillations  are  of  slower  rate  (approximately  750 
per  minute)  ;  they  are  also  irregular  in  their  incidence.  A  portion  of  this 
curve,  intrinsic  deflections  a  to  s,  is  charted  in  Fig.  2,  upon  which  the 
measured  intervals  are  written.  The  direction  of  the  intrin.sic  deflections 
in  this  record  is  not  always  clear,  especially  is  that  so  in  the  curve  from  the 
distal  lead  ;  consequently  the  chart  expresses  the  events  in  simpUfied  form. 
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It  will  be  evident,  nevertheless,  that  there  is  correspondence  between  the 
intrinsic  deflections  in  the  two  curves,  alternate  deflections  in  the  proximal 
curve  being  related  at  sufficiently  uniform  time  intervals  to  successive 
deflections  of  the  distal  curve.  It  appears  that  in  both  this  and  the  last 
example  an  area  of  approximately  14  millimetres  radius  was  fully  affected 
by  stimulation  ;  in  the  case  of  the  last  example,  both  pairs  of  contacts  lay 
witliin  this  radius,  and  both  gave  records  of  very  rapid  oscillations.  When 
the  four  contacts  were  moved  further  from  the  point  stimulated  (so  that 
the  nearest  contact  lay  13  millimetres  from  the  point  stimulated)  the  distal 
contacts  fell  by  good  fortune  outside  this  area  while  the  proximal  contacts 
remained  within  it ;  consequently,  the  latter  alone  yielded  a  curve  in  which 
the  oscillations  appeared  at  their  highest  rate.  It  cannot  be  concluded  from 
the  second  record  that  alternate  excitation  waves  flowing  under  the  proximal 
contacts  were  transmitted  from  these  to  the  muscle  under  the  distal 
contacts,  for  the  direction  taken  by  the  former  waves  was,  as  a  rule,  away 
from  the  distal  contacts  ;  but  it  is  sound  to  conclude  that  the  area  of  chief 
disturbance  was  Uraited  to  a  given  radius,  and  that  the  surrounding  muscle 
in  contact  with  this  responded  to  waves  of  excitation  received  from  it  at  a 
reduced  speed,  the  actual  relation  of  rate  being  as  2  to  1. 

Example  3.  In  this  experiment  the  auricle  was  examined  in  a  somewhat 
different  fashion.  Instead  of  using  paired  contacts  on  the  auricle,  single 
contacts  were  placed  on  that  chamber,  4  millimetres  apart,  and  in  line  with 
the  point  stimulated,  namely,  the  right  appendix,  and  about  15  millimetres 
from  it.  Each  of  these  (Z)  contacts,  which  we  may  term  proximal  and  distal 
respectively,  was  paired  with  a  second  ( C)  contact  resting  on  the  body  wall. 
This  manner  of  leading  off  presents  a  disadvantage,  in  that  all  the  intrinsic 
deflections  are  upright  in  the  curves  irrespective  of  the  direction  in  which 
the  excitation  wave  is  travelling,  and  consequently  no  clue  is  obtained  as  to 
the  course  of  the  excitation  wave  from  the  form  of  the  curve  ;  often, 
however,  as  in  the  present  instance,  this  disadvantage  is  more  than 
counterbalanced  by  the  certainty  with  which  the  intrinsic  deflections  are 
recognised,  curves  taken  with  single  contacts  on  the  actual  muscle  being 
usually  much  simpler  to  analyse  than  those  obtained  from  paired  contacts. 
The  single  contact  lead  also  allows  two  points  in  nearer  proximity  to  each 
other  to  be  investigated.* 

Repeated  stimulation  of  the  auricular  appendix  with  a  faradic  current 
yielded  short  after-effects  con.sisting  of  fibrillation,  as  siiown  by  lead  II. 
Fig.  6  was  taken  after  such  an  after-effect  had  lasted  some  10  seconds  ; 
and  the  record  is  from  the  central  part  of  this  after-effect ;  by  good  fortune 
the  contacts  have  been  so  placed  that  one  (P)  lay  on  the  extreme  edge  of  the 
tissue  involved  in  the  local  disturbance,  while  the  other  (D)  lay  off  it.  The 
intrinsic  deflections  a,  c,  etc.,  are  seen  in  both  curves  as  sharp  upward 
movements,    often   preceded  by   dips   of  lesser   or   greater  extent.      Over 

*  Another  diffpipiup  which  apvears  betwcpn  the  tw o  methods  of  lenfling  is  that  tlie  venti  ioular 
effects  .aie  much  nioio  pioTninent  in  the  single  contact  lead. 
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portions  of  the  records  these  deflections  are  of  equal  rate,  but  over  the 
earUest  portion  {a  to  k)  and  again  for  a  short  while  near  the  end  (I  to  x), 
the  deflections  are  much  more  frequent  in  the  proximal  than  in  the  distal 
lead.  The  curve,  as  will  be  observed,  is  comphcated  by  prominent 
ventricular  elements  (numbered  1 ,  2,  3,  etc.)  ;  these  always  occur 
simultaneously  in  the  tMO  leads  and  may  be  identified  as  ventricular  by 
comparing  the  times  of  their  occurrence  vaih  the  upstroke  of  the  myographic 
curve  (the  lowest  in  the  record). 

The  two  series  of  intrinsic  deflections  have  been  measured  and  charted 
in  Fig.  3,  the  inter-intrinsic  intervals  of  the  single  curves  being  written 
horizontal,  and  the  intervals  between  corresponding  deflections  of  proximal 
and  dismal  curves  being  written  vertically.  In  each  curve  the  intrinsic 
deflections  occur  at  irregular  intervals  ;  but  there  is  an  obvious  relation 
between  members  of  the  proximal  and  distal  series,  for  the  inter-intrinsic 
intervals  of  the  two  series  vary  together  in  length.  There  is,  however, 
some  variation  iu  the  length  of  intervals  between  corresponding  deflections 
in  the  two  curves  ;  sometimes  these  intervals  are  minus  and  sometimes  they 
are  plus  quantities,  but  the  degree  of  variation  is  slight  compared  with  the 
change  in  the  intervals  between  succeeding  deflections.  In  the  earlier 
portion  of  the  cmve,  despite  these  variations,  the  relation  of  proximal  and 
distal  intrinsics  is  such  as  to  establish  the  presence  of  a  2  :  1  block.  Similar, 
though  less  distinct,  evidence  of  the  same  event  is  seen  towards  the  end  of 
the  record  (deflections  I  to  x). 

The  record  shows  the  events  at  the  very  edge  of  the  tissue  especially 
disturbed  by  faradisation,  and  shows  clearly  that  the  bulk  of  the  auricular 
tissue  is  guarded  by  its  failure  to  respond  to  impulses  at  the  full  rate  at 
which  they  are  elaborated  beneath  the  stimulating  electrodes.  It  would 
seem  from  this  record  and  that  last  described  that  the  fall  in  rate  may  happen 
in  more  than  one  step.  In  that  instance  2  : 1  response  was  estabUshed  between 
the  tissue  reacting  to  the  fastest  impulses,  there  being  a  reduction  of  rate 
from  approximately  1,500  to  750  per  minute.  In  the  present  instance 
the  fall  at  the  border  of  the  disturbed  area  is  approximately  from  800  to  900 
to  400  to  450  per  minute.  The  rate,  in  fact,  falls  to  that  prevaihng  over  the 
remainder  of  the  auricular  tissue. 

Fig.  7  was  taken  in  precisely  similar  circumstances  from  an  after-effect 
lasting  only  7  seconds.  Both  proximal  and  distal  electrograms  in  this 
figure  show  corresponding  series  of  auricular  deflections  («  to  o).  In  this 
after-effect  either  the  area  especially  disturbed  was  smaller,  or  the  va\A<.\ 
oscillations  were  of  shorter  duration.  The  record  is  similar  to  that  obtained 
in  continuous  fibrillation  of  the  auricle,  the  intrinsic  deflections  being 
irregularly  placed,  but  showing  clear  correspondence  in  two  leads  taken  from 
muscle  areas  Ijing  4  milhmetres  apart.  Nevertheless,  as  in  the  last  concUtion, 
the  excitation  waves  pass  in  different  directions  relative  to  the  contacts, 
as  shown  by  the  intervals  between  corresponding  deflections  in  the  two 
leads  ;  these  are  sometimes  plus  and  sometimes  minus  quantities. 
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Discission  and  further  obsert>alions. 

To  sum  up  the  foregoing  observations,  we  may  say  that  wlien  a  faradic 
current  is  applied  to  the  auricle  the  muscle  beneath  the  stimulating  electrodes 
and  the  muscle  immediately  surrounding  this  point  is  thrown  into  a  high 
state  of  activity.  Excitation  waves  succeed  each  other  at  rates  of  1,500  to 
2,400  per  minute.  These  excitation  waves  follow  varj-ing  and  probably 
re-entrant  paths  through  the  area  of  muscle  so  affected.  The  main  mass  of 
the  auricular  tissue  is  not  fully  involved  in  this  process,  for  muscle  other  than 
that  in  the  immediate  vicinity  of  the  point  stimulated  appears  unable  to 
respond  to  excitation  waves  in  such  rapid  succession.  As  a  result  of  tliis 
inability  of  the  tissue  the  mass  of  the  auricular  tissue  receives  impulses  at  a 
much  slower  rate.  Local  stimulation  at  very  high  rates  is  not  equivalent  to 
stimulation  of  the  whole  auricle  at  these  rates,  the  main  mass  of  muscle  is 
guarded  from  the  majority  of  the  impulses.  Thus,  it  appears  that  so  far 
as  the  rate  of  stimulation  affects  the  subsequent  events  in  the  auricle,  it  is 
largely  a  matter  of  indifference  whether  tliis  rate  is  in  the  neighbourhood  of 
400  to  700  per  minute  (the  rate  used  in  what  has  been  termed  rhji:hmic 
stimulation  (or  whether  tliis  rate  amounts  to  2,500  or  3,300  per  minute  (the 
rates  used  in  what  is  termed  faradic  stimulation)  ;  the  mass  of  auricular 
tissue  receives  its  impulses  at  much  the  same  rate  in  both  circumstances  ; 
for  that  reason  the  after-effects  of  the  two  forms  of  stimulation  are  similar. 

Some  points  of  theoretic  interest  remain  for  discussion.  It  may  prove 
important  to  attempt  to  explain  : — 

(1)  Why  the  auricular  tissue  is  able  to  respond  locally  at  rates  rising 
to  1,500  or  even  2,400  per  minute. 

(2)  Why  this  condition  of  rapid  excitation  is  continued  for  a  short 
while  after  the  faradic  stimulus  is  withdrawn. 

(3)  Why  the  condition  of  rapid  excitation  subsides  ^Wthin  5  to  10 
seconds  of  the  withdrawal  of  stimulation. 

(4)  Why  the  original  condition  of  rapid  excitation  is  local. 

(5)  And,  lastly,  the  nature  of  barrier  which  exists  between  the  local 
area  and  the  mass  of  the  auricular  tissue. 

These  questions  are  inter-related.  It  would  seem  at  first  sight  that  the  faradic 
current  exalts  the  functions  of  the  tissue  in  the  vicinity  of  the  stimulating 
electrodes.  Used  at  almost  threshold  strength,  the  indi\idual  shocks  could 
not  produce  direct  response  in  muscle  fibres  Ijing  at  a  distance  of  15  or  20 
millimetres ;  on  the  contrar5%  these  fibres,  hing  as  they  do  on  the  circumference 
of  the  zone  of  cliief  disturbance,  are  not  to  be  regarded  as  responding  to  the 
eleptric  shocks,  but  as  responding  to  impulses  transmitted  from  fibres  lying 
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nearer  the  centre  of  the  zone,  unless  it  be  assumed  that  the  reactions  of 
these  distant  fibres  has  been  enhanced  by  spread  of  the  stimulating  current. 
It  might  be  supposed  that  their  excitability  is  raised  by  this  current,  though 
that  it  not  the  explanation  which  we  adopt.  The  explanation  adopted  is  a 
different  one,  namely,  that  the  faradic  current  stimulates  not  only  the 
auricular  muscle,  but  that  locally  it  stimulates  also  the  vagal  nerve  endings 
in  the  muscle.  The  significance  of  this  explanation  becomes  fully  apparent 
when  it  is  known  that  stimulation  of  the  vagus  conspicuously  decreases  the 
length  of  the  muscle's  refractory  period.*  The  well-known  fact  is  to  be 
recalled  that  while  the  auricles  are  fibrillating,  stimulation  of  the  vagus  in  the 
neck  greatly  accelerates  the  movement  of  the  auricular  muscle  and  produces 
over  the  whole  auricle, "I"  a  condition  very  similar  to  that  seen  as  a  local 
phenomenon  in  our  present  exjjeriments.  The  resemblance  is  in  itself 
highly  suggestive,  though  it  does  not  suffice.  Direct  evidence  is  found  in 
the  observation,  which  we  have  made  repeated]}',  that  the  high  grade  of 
local  disturbance  is  entirely  abolished  if  the  animal  is  first  atropinised. 
The  contrast  between  curves  taken  from  a  pair  of  contacts  placed  on  the 
auricular  muscle  in  the  immediate  vicinity  of  the  stimulating  electrodes, 
before  and  after  the  administration  of  atropine,  is  most  striking,  and  is 
exemphfied  in  Figs.  8  and  9.  During  the  period  of  stimulation,  the  rate  of 
response  to  the  faradic  current  approaches  closely  to  the  rate  of  the  faradic 
shocks,  and  the  same  rate  of  excitation  is  continued  for  a  little  while  after 
the  stimulating  current  is  withdrawn,  providing  no  atropine  has  been  given. 
But  after  atropine  the  rate  of  response  is  notably  lower  (four,  five  or  six 
times  lower)  during  the  period  of  stimulation ;  and  very  rapid  oscillations  are 
never  seen  in  the  after-effects.  Usually  indeed  no  after-effect  is  witnessedt  ; 
but  where  it  occurs  it  consists  of  relatively  slow  movements  such  as  are  seen 
in  continuous  flutter  or  fibrillation. 

Example  i.  (One  of  three  experiments.)  Paired  contacts  were  placed 
in  the  line  of  the  auricular  appendix,  and  stimulating  electrodes  were 
fixed  within  about  2  milUmetres  and  in  line  with  these  paired  contacts. 
The  events  under  the  contacts  were  signalled  by  means  of  the  lower  string 
of  the  record  (Fig.  8),  the  currents  of  excitation  were  signalled  by  means 
of  the  top  string  of  the  record. § 

A  faradic  current,  composed  of  induction  shocks,  following  each  other 
at  a  rate  of  about  2,000  per  minute,  was  appUed  through  the  stimulating 
electrodes,  and  the  record  (Fig.  8)  shows  response  of  the  auricular  muscle 
at  this  rate.  This  rapid  action  of  the  muscle  continued  when  stimulation 
ceased.   In  the  record,  the  rapidly  succeeding  excitation  waves  are  maintained 

*  Lewis,  Druiy  and  Bulger.     Proc.  Physiol  Soc,  Dec.  18,  1920. 

t  These  effects  of  stimulation  will  be  explained  fully  in  an  article  which  is  to  follow. 

i  An  absence  of  aftereffect  of  auricular  stimulation  in  the  atro|)iiii.setl  heart  has  also  been 
recorded  by  Winterberg.      Archiv.  f.  it.  ges.  Physiol.,  1908,  cxsii,  31)1. 

§  By  short-oircuiting  the  primarv  coil  of  the  ind\ictoriiun  tluoiigh  a  hiah  resistance,  and 
leadnig  ofi  from  a  .short  section  of  the  wire  in  this  bridge. 
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throughout,  tliough  they  begin  to  fall  in  rate  towards  the  end  of  the  curve. 
The  after-effect  continued  for  a  few  seconds  more  and  tlien  ceased  abruptly. 

Tiie  second  record  (Fig.  9)  shows  the  result  of  a  precisely  similar  proce- 
dure after  the  injection  of  l/30th  of  a  grain  of  atropine  sulphate.*  During 
the  period  of  stimulation  the  auricle  responds  relatively  slowly  and  irregu- 
larl}'.  The  excitation  waves  are  marked  in  the  record  by  means  of  small 
crosses,  the  fine  oscillations  being  the  result  of  direct  escape  of  the  stimu- 
lating current  into  the  recording  contacts.  At  the  end  of  stimulation  the 
auricle  becomes  still  at  once  and  shorth'  resumes  its  normal  slow  and 
rhythmic  activity. 

It  seems  ijuite  clear  that  the  initial  extreme  rate  of  local  response  in  the 
unatropinised  auricle  is  produced  by  reduction  of  the  refractory  period  of 
the  muscle,  which  is  itself  mainly  brought  about  by  stimulation  of  the  vagus 
nerve  endings  or  end  branches.f  We  are  able  to  explain,  therefore,  win- 
extreme  rates  prevail  around  the  point  of  stimulation.  We  are  also  able  to 
explain  why  this  original  high  rate  is  local,  for  the  vagal  mechanism  in  the 
auricle  vdW.  not  be  stimulated  universally.  The  continiiation  of  the  local 
extreme  rate  after  the  withdrawal  of  stimulation  for  a  period  of  5  or  10 
seconds  and  its  subsidence  after  these  intervals  is  also  understood,  for  the 
vagus  mechanism  will  return  to  its  original  state  in  about  these  time  intervals. 

The  nature  of  the  barrier  between  the  local  area  of  extreme  response 
and  the  surrouncUng  muscle,  in  wliich  movement  is  much  slower,  also  becomes 
apparent.  Those  portions  of  the  muscle  in  which  the  vagal  mechanism  is 
normal  are  unable  to  respond  to  impulses  entering  it  at  rates  of  much  over 
600  per  minute  ;  the  refractory  period  is  too  long.  Many  of  the  very  rapid 
impulses  from  the  highly  excited  area  will  fall  during  the  refractory  periods 
of  the  muscle  of  the  outldng  zones.  The  process  of  reduction  may  occur 
in  a  single  step  ;  or,  as  the  excitation  waves  travel  through  muscle  in  wliich 
the  vagal  mechanism  is  less  and  less  affected,  the  reduction  may  take  jilace 
in  several  stages. 

This  conception  of  block,  arising  out  of  local  differences  in  the  length 
of  the  refractory  period,  is  one  wliich  we  are  compelled  to  accept  for  the 
experiments  recorded  ;  and  we  begin  to  see  more  clearly  the  relation  between 
this  form  of  local  block  and  the  forms  winch  were  described  in  the  third 
article  of  tliis  series,  namely,  block  with  changing  transmission  intervals, 
when  the  auricle  is  responding  to  much  lower  rates  of  stimulation.  If  such 
block  were  the  result  of  depressed  conduction  in  the  usual  sense  in  which 
this  term  is  employed,  we  are  at  a  loss  to  see  why  similar  conduction  changes 
are  not  called  into  play  in  the  circumstances  of  the  jiresent  experiments, 
when  excitation  waves  succeeding  each  other  at  a  rate  of  1,500  or  more  per 
minute  are  conveyed  as  far  as  15  or  20  miUimetres.   Tliis  matter  is  being  more 


*  A  quantity  found  in  this  animal  to  be  more  tlian  sufficient  to  abolisli  all  effect  upon 
heart  of  strong  stimulation  of  the  vagus  in  the  neck. 

t  A  high  rate  of  response  may  in  itself  reJuce  the  refractory  iieriotl  and  help  towards  a  fi 
culmination  of  rate. 


the 
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fully  investigated  ;  it  is  not  impossible  that  the  form  of  block  which 
displays  lengthened  intervals  up  to  the  point  of  the  missed  response,  when 
it  is  displaj-ed  in  the  walls  of  the  auricle,  and  is  induced  by  a  high  rate  of 
stimulation,  is  also  the  result  of  local  inequalities  of  the  refractory  period. 
A  barrier  of  refractory  muscle  may  be  interi^osed  upon  the  course  of  the 
excitation  wave,  and  as  this  barrier  grows  in  its  extent  the  wave  may  be 
deflected  further  and  further  upon  a  sinuous  course,  whereby  its  arrival  at 
the  recording  contacts  is  more  and  more  postponed.* 

There  remains  a  single  point  which  still  requires  explanation.  The 
reason  why  the  local  disturbance  is  continued  at  an  extreme  rate  seems  clear  ; 
the  local  vagal  mechanism  is  still  overacting.  But  it  is  not  yet  clear  why 
there  is  a  continuation  of  any  kind.  Our  explanation  is  that  owing  to  the 
reduction  of  the  refractory  period  in  the  region  of  the  stimulating  electrodes, 
the  re-entry  of  an  excitation  wave  into  muscle  through  which  it  has  recently 
passed  is  facihtated.  In  other  words  we  consider  that  the  conditions  have 
arisen  which  permit  a  circuit  movement  on  a  diminutive  scale  to  become 
estabhshed.  Such  a  circuit  is  not  necessarily  unvar\-ing ;  it  is  not 
necessarily  single.  Given  variation  in  the  course  of  the  circuit,  or  given 
that  several  such  circuits  of  constant  or  varying  path  are  established,  the 
irregular  succession  of  excitation  waves  in  the  area  of  maximum 
disturbances  (a  definite  irregularity,  though  it  may  be,  and  often  is,  slight) 
becomes  inteUigible.  We  cannot  offer  proof  of  such  local  circuit  movement 
at  present,  but  regard  the  evidence  in  favour  of  it,  when  coupled  with 
evidence  of  closely  allied  phenomena  of  slower  rate  and  larger  scale,  as  very 
suggestive. 


Summary. 

The  immediate  after-effects  of  local  faradic  stimulation  of  the  auricle 
are  described.  An  area  of  the  auricle  having  a  radius  of  from  8  to  20 
millimetres  is  thrown  into  feverish  acti%-ity  (rates  of  1,500  to  2,400  per 
second),  wliich  continues  for  some  5  to  10  seconds  after  stimulation  is 
withdrawn.  To  this  the  remainder  of  the  auricle  responds  at  much  slower 
rates,  for  the  most  part  at  rates  of  350  to  500  per  minute.  The  after-effect 
in  the  auricle  as  a  whole  lasts  as  long  or  longer  than  the  high-grade  local 
thsturbance. 

The  explanation  of  these  phenomena  appear  to  be  that  locally  the  vagal 
enchngs  in  the  muscle  are  stimulated,  and  the  refractory  period  of  the 
muscle  is  thereby  locally  reduced  ;  it  is  consequently  able  to  respond  locally 
to  the  full  rate  of  the  faradic  shocks  while  the  vagal  effect  lasts  ;  and  these 
rapid  excitation  waves  are  continued  as  circulating  waves  locally  for  a 
while  after  vagus  stimulation  ends.     But  the   remainder  of  the   auricular 


■  This  appears  from  recent  investigation  to  be  actually  the 
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tissue  maintains  its  normal  and  mucli  longer  i-cfractory  peiiod  and 
consequently  responds  slowly. 

In  given  circumstances  the  auricle  is  capable  of  conveying  excitation 
waves,  which  succeed  each  other  at  rates  of  1,800  to  2,400  per  minute  ; 
normal  auricular  muscle  is  not  capable  of  conveying  such  rapid  waves. 

The  reason  why  the  after-effects  of  faradic  stimulation  and  of  rhythmic 
stimulation  of  much  lower  rate  are  similar  is  that  the  main  mass  of  auricular 
tissue  is  guarded  against  the  receipt  of  impulses,  succeeding  each  other  very 
rapidly,  by  the  length  of  its  uninfluenced  refractory  period. 
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Fig.  +.  Dog  JM.  {Record  12.)  Simultaneous  electrograms  taken  from  two  pairs  of  contacts 
placed  on  the  auricle  in  line  with  a  point  of  faradic  stimulation.  The  arrangeinent  of  the 
contacts  is  shown  in  Fig.  1,  in  which  the  lettered  deflections  of  this  figxire  are  charted. 
J0=curve  from  distal  pair  of  contacts,  and  P=curvo  from  proximal  pair  of  contacts.  The 
record  shows  a  brief  attereft'ect  of  stimulation.  Below  is  a  myocardiographic  ciu-ve  froTu 
the  ventricle.     Time  in  fifths  of  a  second. 


Fig.  .5.  Dog  JM.  (Record  10.)  Similar  curves  from  another  brief  after-effect  in  the  same 
animal.  The  contacts  wore  similarly  arranged,  but  were  placed  at  a  greater  distance  from 
the  point  stimulated.     The  corresponding  chart  is  showii  in  Fig.  2.     Time  in  fifths  of  a 
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Fig.  ().  Dnq  JO,  I  R,,;,r.l  4.)  >;imnl trtnpoii*  plp,.t,r,.jr-im<  takpii  from  -inale  auricular  contacts, 
enfli  .'t  whiil  \\;i-  |.,ni-.'(l  with  ,i  -.i-hmI  .■.lit:.!  ,,ii  tin-  ili.-  f  wall.  The  two  auricular 
coni.iri  -  l,i\  I  iii'lliiiii  1 1.  -  ,ii.,ii  1 .  .ii;i  I  111  liii.  \'  II  li  III,  |in:Tii  - 1 !  1 1 1 II I  n  t  ffl .  P=i;urve  froin 
coiit.i- t  |:i  iMMi.il  1..  ,1,1  /-  -iMiw  ii.,ii,  .  ,.i,i.M  I  ,li,i.il  to  |H,n,i  -iiuuilatpd.  I'he  lettered 
defle,  11,,!,.,  ,11,-  auiiLulrti  rtiul  are  dim  i«l  lu  I'ly.  .i  .  ilie  nuiuljcreij  ik-llections  are  ventricular 
and  toi respond  to  the  ventricular  movements  displayed  by  the  myocardiogram  (lowest 
fuiA  e  of  the  figure).     Tlie  record  i.s  from  a  short  after-effect  of  stimulation.     Time  in  fifths 


Fig.  7.       Dog  JG.     (Record  o.)     .\  similar  record  from  the  same  animal,  showing  a  short  after- 
effect of  stimulation.     Time  in  fifths  of  a  second. 


FLUTTER     AX  D     FIBRILLATION.  5', 


-  vj 


I 


E^  ^ 


-^  1)^ 


•to 


I 


.;.l^. 


Figs.  S  and  !).     Dog  LB.      :  B,  r,,r.h 
stimulation  and  below  an  .-1. 
appendix  within  a  few  mllliu 
of  atropine  upon  the  reactioir 
after  atropine.     Time  in  tent  1 


P^ach  record  shows  above  the  signal  of  faradic 

iiom  ])aired  contacts  placed  on  the  auricular 

-timiilated.     The  records  show  the  influence 

I  upon  the  aftereffect.     The  latter  is  absent 
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PAROXYSMAL  TACHYCARDIA   OF   VENTRICULAR   ORIGIN,   AND 
ITS  RELATION  TO  CORONARY  OCCLUSION.* 

By  G.  CANBY  ROBINSON  and  GEORGE  R.  HERRMANN,  St.  Louis,  Mo. 

{From    the    Department    of    Internal    Medicine,    Washington 
University,  School  of  Medicine.) 

Paroxysmal  tachycardia  is  a  clinical  syndrome  characterised  by  periods 
of  an  unusually  rapid  heart  rate  of  sudden  origin  and  termination.  Electro- 
cardiographic studies  have  shown  that  the  rapid  heart  rate  is  associated 
with  an  abnormal  point  of  origin  of  the  cardiac  impulse.  Some  portioii  of 
the  heart  other  than  the  sinus  node  institutes  a  series  of  rapidly  recurring 
impulses  and  therefore  assumes  the  role  of  the  cardiac  pacemaker.  It  has 
also  been  shown  that  the  abnormal  or  ectopic  point  of  origin  of  the  impulses 
may  be  either  in  one  of  the  auricles,  as  is  most  frequently  the  case,  or  in  one 
of  the  ventricles.  The  ventricular  form  of  jiaroxysmal  tachycardia  is  rare, 
and  only  a  comparatively  small  number  of  definite  cases  have  been  published. 
This  form  of  the  disorder  is  of  a  more  serious  nature  than  that  of  auricular 
origin,  and  has  in  some  cases  a  definite  causation.  It  is  therefore  important 
that  the  two  t3'pes  should  be  distinguished,  which  can  usually  be  done  by 
means  of  electrocardiographic  records.  It  is  the  purpose  of  this  paper  to 
report  four  cases  of  paroxysmal  tachycardia  of  ventricular  origin,  and  to 
discuss  the  causation  of  the  paroxysms. 

Paroxysmal  tachycardia  was  first  separated  into  that  of  auricular 
and  that  of  ventricular  origin  by  Mackenzie,*  who  concluded  from  a  study 
of  venous  pulse  tracings  that  the  point  of  origin  was  not  always  the  same. 
In  the  hght  of  further  knowledge,  however,  it  can  be  stated  that  this  method 
of  differentiation  is  not  reliable  and  cannot  be  depended  upon  to  sejjarate 
definitely  the  two  types. 

Lewis''  pubhshed  the  first  electrocardiographic  records  of  a  case  of 
ventricular  paroxysmal  tachycardia  in  1909.  and  followed  this  observation 
by  an  experimental  study-"  on  dogs  which  demonstrated  that  this  concUtiou 
sometimes  follows  ligation  of  a  coronary  artery.  He  found  that  a  rapid 
succession  of  impulses  sometimes  arose  in  the  ventricle  when  a  coronary 

*  Bead  before  the  Association  of  American  Physicians,  .-Vtlantic  City,  X.J.,  May  3rd,  1920. 
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artery  was  ligatod.  This  procedure  was  followed  cither  by  single  extra- 
systoles  arising  in  one  of  the  ventricles  or  by  a  rapid  succession  of  them, 
which  in  some  cases  resulted  in  tachycardia  for  definite  periods  of 
time.  These  attacks  of  tachycardia  usually  occurred  1  to  \}j  hours 
after  ligation,  when  the  nutrition  of  the  ventricular  wall  had  become 
impaired.  'J'he  rajjid  heart  rhythm  was  regular,  its  onset  was  abrupt  and 
its  rate  was  from  300  to  420  beats  per  minute.  The  paroxysms  of 
tachycardia  lasted  from  a  few  minutes  to  half-an-hour  or  more.  Then  the 
normal  slow  rate  returned,  or  more  rarely  the  ventricles  imperceptibly  A\ent 
into  fibrillations,  causing  death  of  the  animal. 

Smithi"  made  similar  observations  on  dogs  in  which  the  ligation  of  the 
corollaries  was  carried  out  under  surgical  asepsis.  In  some  cases  the 
smaller  branches,  in  other  cases  the  larger  branches,  of  the  coronaries  were 
tied  off,  and  the  operative  technique  was  such  that  the  dogs  survived  the 
operation  and  were  sacrificed  at  intervals  of  from  one  to  ninety  days  after 
the  ligation.  In  some  of  these  animals  paroxysmal  ventricular  tachy- 
cardia occurred,  and  was  recorded  electrocardiographically. 

In  the  progress  of  some  work  in  our  laboratory  it  has  been  necessary 
to  clamp  the  anterior  descending  branch  of  the  left  coronary  artery,  and  the 
procedure  has  been  followed  by  isolated  ventricular  ectopic  contractions, 
ventricular  tachycardia,  and  finally  ventricular  fibrillation.  These  various 
alterations  of  the  heart  beat  were  i-ecorded  (Fig.  1). 

There  is  therefore  sufficient  experimental  evidence  to  show  that  inter- 
ference with  the  coronary  circulation  may  produce  ventricular  paroxysmal 
tachycardia. 

In  order  to  estabUsh  the  diagnosis  of  paroxysmal  tachycardia  of 
ventricular  origin  in  man  certain  data  are  essential,  and  it  is  only  by 
means  of  electrocardiograms  that  this  type  of  tachycardia  can  be 
differentiated  from  that  of  auricular  origin.  The  electrocardiogram  must 
give  definite  indications  that  the  cardiac  impulses  iDroducing  the  high 
ventricular  rate  are  arising  in  the  ventricles,  and  this  is  most  clearly  shown 
when  a  succession  of  auricular  complexes  can  be  made  out,  occurring 
independently  of,  and  at  a  slower  rate  than,  the  complexes  of  ventricular 
origin.  The  ventricular  complexes  are  distinctly  abnormal  in  form.  The 
abnormal  form  of  the  ventricular  complexes  alone,  ho\\ever,  cannot  be 
taken  as  absolute  proof  that  the  impulses  are  of  ventncidar  origin,  as 
changes  in  form  may  be  caused  by  disturbances  of  intraventricular 
conduction.  When  records  made  between  attacks  of  tachycardia  show  that 
there  is  no  such  disturbance,  then  the  ventricular  origin  of  the  tachycardia 
may  be  considered  as  very  probable,  although  disturbances  of  conduction 
may  appear  at  a  high  cardiac  rate  which  are  not  apparent  when  the 
heart  is  beating  slowly.  This  point  has  been  brought  out  in  a  previous 
pajier  by  one  of  us.' 

The  presence  of  isolated  ectopic  ventricular  beats  before  or  after  a 
paroxysm  is  evidence  in  favour  of  the  tachycardia  being  of  ventricular 


PA  EOXYS  M  A  L     TACHYCARDIA.  (31 

origin,  especially  when  the  form  of  tlie  complexes  of  the  isolated- beats  is 
the  same  as  the  form  of  those  of  the  parox5^sm. 

In  reviewing  the  cases  of  ventricular  paroxysmal  tahcycardia  which 
have  appeared  in  previous  reports,  only  those  from  which  electrocar- 
diograms have  been  pubhshed  have  been  considered.  Sixteen  cases 
have  been  reviewed,  and  of  these  only  six  seem  to  be  undoubted  cases 
when  the  data  which  we  have  described  are  apphed  to  their  cUagnosis.  They 
are  two  cases  pubUshed  by  Lewis,'"'  one  each  by  Hart,^  Butterfield  and 
Hunt.i  WiUius  ^^  and  Vaughan." 

Six  other  cases  appear  to  us  to  be  probable  cases  of  ventricular 
paroxysmal  tachycardia.  Those  pubhshed  by  Hume,^  one  by  Vaughan.^i 
one  by  Cohn  and  Fraser,^  and  one  by  WilHus.^'^  Of  the  other  four  cases 
pubhshed  by  WiUius'^  one  is  questionable,  and  three  appear  to  us  to  be  more 
hkely  cases  of  auricular  than  of  ventrictdar  origin,  judging  from  the 
published  data. 

Of  the  six  undoubted  cases,  all  were  middle-aged  men,  except  one  who 
was  a  man  of  21.  Two  of  these  patients  died,  one  committing  suicide  a 
short  time  after  he  came  under  observation,  while  four  cases  were  still  aUve 
three  to  six  months  from  the  time  when  first  seen. 

Autopsies  were  performed  on  both  the  suicide  and  the  fatal  case.  In 
one,  the  suicide,  atheromata  of  the  left  coronary  artery  are  described.  In 
the  other  the  condition  of  the  coronary  arteries  is  not  mentioned,  but  the 
myocardial  lesion  which  is  described  is  of  the  type  often  following  a  lesion 
of  the  coronary  arteries,  and  suggests  that  such  a  lesion  may  have  been 
present. 

We  have  observed  four  cases  which  we  consider  undoubted  examples 
of  paroxysmal  tachycardia  of  ventricular  origin. 

Case  I.  A  man  of  53  had  had  syphihs  eight  years  previously.  He 
had  received  treatment  with  mercury  for  three  years  until  he  had  a  repeatedly 
negative  Wassermann  reaction.  Two  weeks  before  admission  to  the  hospital 
he  apphed  to  the  out-patient  department  on  account  of  shortness  of  breath 
on  exertion,  which  he  had  had  for  two  years,  and  for  a  feehng  of  oppression 
across  the  upper  chest  which  had  been  present  for  three  or  four  months. 
At  this  time  his  systolic  blood  pressure  was  165  mm.  Hg.  The  urine 
contained  a  trace  of  albumin  and  many  granular  and  cellular  casts. 

At  2  a.m.  of  the  night  of  his  admission  to  the  hospital  he  was  awakened 
by  a  severe  pain  in  the  upper  chest  followed  by  a  cough  with  bloody  frothy 
sputum  and  a  persistent  precordial  pain.  He  was  admitted  to  the  hospital 
at  4  a.m.,  at  which  time  he  appeared  to  be  in  extremis.  There  was  definite 
orthopnoea,  his  respiration  being  forty  per  minute,  and  accompanied  by 
grunting  or  groaning.  He  had  conspicuous  cyanosis  of  his  Ups  and  hands, 
an  ashy  pallor  of  the  face  and  a  moist  cool  "  clammy  "  skin.  The  pulse 
was  small,  rapid,  weak  and  "thready"  with  a  rate  of  190  per  minute.  The 
systohc  blood  pressure  was  115  mm.  Hg.,  and  the  diastoHc  pressure  was 
90   mm.   Hg.      The  outline  of  cardiac  diilness  extended  5  cru.  to  the  right 
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and  14  cm.  to  the  left  of  the  niid-stenial  line.  Xo  murmurs  were  heard, 
but  the  heart  sounds  were  weak  and  enibryocardiac.  Bubbling  rales  were 
present  throughout  the  chest. 

Electrocardiograms  taken  soon  after  admission  showed  a  succession  of 
abnormal  ventricular  complexes  occurring  regularly  at  a  rate  of  185  per 
minute.  Occasional  waves  suggesting  independent  auricular  contractions 
are  seen  in  the  records,  but  their  regularity  is  not  sufficient  to  establish  the 
existence  of  an  independent  auricular  action  and  to  determine  its  rate 
(Fig.  2). 

About  ten  hours  after  admission  the  lieart  rate  was  found  to  have 
become  120  per  minute.  The  transition  from  the  rapid  to  tlie  slow  rate  was 
not  observed.  Electrocardiograms  taken  during  the  slow  rate  demonstrated 
a  normal  relation  of  auricles  and  ventricles,  somewhat  exaggerated  auricular 
complexes  and  small  abnormal  ventricular  complexes,  entirely  different  in 
shape  and  size  from  those  in  tlie  records  obtained  during  the  rapid  heart 
rate  (Fig.  3).  The  heart  rate  rose  again  to  190  per  minute  about  twenty-four 
hours  after  admission,  and  the  patient  died  two  hours  later.  No  records 
were  made  during  the  second  period  of  tachycardia.  At  the  autopsy  the 
heart  had  an  unusual  shape,  because  there  was  a  definite  forward  bulge  in 
the  lower  part  of  the  left  ventiicular  waU,  wliich  area  had  a  dull  grajish 
colour.  Tliis  part  of  the  myocardium  was  that  supplied  by  the  anterior 
descending  branch  of  the  left  coronary  arterj-.  This  vessel  was  found  to  be 
comjiletely  occluded  by  a  fresh  thrombus  commencing  at  a  point  1-5  cm. 
from  the  origin  of  the  vessel  and  extending  2  cm.  along  the  lumen.  The 
wall  of  the  vessel  was  much  thickened,  and  a  tyjMcal  sypliiUtic  lesion  was 
present.  The  circumflex  branch  of  the  left  coronary  artery  showed  thickening 
of  its  waUs  and  a  reduction  of  the  lumen  to  a  diameter  of  1  mm.  The  area 
of  tlie  heart  wall  suppUed  bj?^  this  arterj^  was  atrophic  and  showed  an 
extensive  overgrowth  of  connective  tissue.  The  accompanj-ing  figures 
show  the  tliinning  of  the  ventricular  wall  (Fig.  4),  the  thrombosed  vessel 
(Fig.  5),  and  the  gummatous  lesion  in  the  vessel  wall  (Fig.  6). 

Case  II.  A  salesman  of  58  was  admitted  to  the  hospital  on 
December  12th,  1915,  with  dyspnoea,  jjain  in  the  che.st,  and  tachycardia. 
Ten  years  previously  he  had  been  told  that  he  liad  chronic  nephritis,  and  had 
discontinued  tjie  use  of  protein  food  and  alcohol,  wliich  had  been  used 
previously,  at  times  to  excess.     There  was  no  evidence  of  sypliiUs. 

His  illness  began  two  ^^•eeks  previous  to  admission  to  the  hospital  witli 
a  sudden  pain  in  the  region  of  the  heart  while-  walking.  It  was  sharp, 
.severe  and  radiated  down  the  left  arm.  and  was  accompanied  by  a  sense 
of  constriction  about  the  chest  and  diftic  iilty  in  breathing.  He  "  stumbled 
home  alone,"  and  was  given  morpliine  which  reheved  him  temporarily,  but 
the  pain  returned  and  persisted.  His  breathing  was  said  to  have  been 
continuously  laboured,  and  cyanosis  was  observed.  He  had  several  attacks 
before  admission,  in  which  the  pain  in  the  chest  became  excruciating,  the 
skin  became  cold  and  moist,  the  pulse  rapid,  weak  and  thready.     Rusty 


I 


PARO  X  Y  SM  A  L     T  A  C  HYC  A  RD  I  A  .  63 

blood  tinged  sputum  appeared,  and  his  temperature  rose  to  101-6  "F.  Tliree 
days  before  admission  to  the  hospital  the  patient  went  into  "  collapse," 
and  the  pulse  became  very  rapid  on  the  day  before  admission. 

On  physical  examination,  at  the  time  of  admission,  the  patient  was 
stuperous,  very  cyanotic  and  dyspnoeic.  The  heart  rate  was  between  180 
and  200,  the  rhythm  regular.  The  outline  of  cardiac  dulness  extended 
4-5  cm.  to  the  right  and  13  cm.  to  tiie  left  of  the  mid-sternal  line.  The  heart 
sounds  were  clear,  and  except  for  an  accentuation  of  what  seemed  to  be  the 
first  heart  sound  in  the  apex  region,  they  were  weak  and  rapid. 

Moist  rales  were  heard  at  both  bases  posterioril}',  but  othei-wise  the 
lungs  were  clear.  The  liver  dulness  extended  fl  cm.  below  the  costal  margin, 
and  the  abdomen  was  slightly  distended.  The  systolic  blood  pressure  was 
138  mm.  Hg.  at  the  time  of  admission,  but  fell  gradually  until  it  reached 
95  mm.  Hg.  thirty-.six  hours  later.  ( 'heyne-.Stokes  breathing  was  noted 
the  day  after  admission. 

Pressure  over  the  vagi  and  ocidar  pressure  failed  to  produce  any  effect 
on  the  heart  rate.  Atropine  sulphate  (gr.  1/50  hypodermically)  produced 
no  change  in  the  rapid  ventricular  rate. 

The  heart  rate  was  continuously  rapid  until  December  22nd,  eleven  days 
after  the  onset  of  the  tachycardia.  The  rate  ranged  from  185  to  248  beats 
per  minute.  No  cause  for  the  change  in  rate  was  ascertained.  During  the 
first  week  of  this  period  the  patient  improved  distinctly.  He  became 
rational,  his  pain  practically  disappeared,  his  lungs  became  free  from  rales, 
and  he  said  he  was  fairly  comfortable.  This  improvement  did  not  seem 
to  depend  on  his  medication.  Strophanthin,  1  mg.  intravenously  (which 
to-day  we  would  not  deem  advisable  because  of  its  apparent  tendencj^  to 
throw  the  ventricles  into  fibrillation)  had  no  apjjarent  effect  on  the  circulation. 

On  December  18th  the  patient  complained  of  fatigue,  and  his  outijut 
of  urine  was  much  diminished.  The  phenolsulphonephthalein  output 
diminished  during  the  period  of  tachycardia.  On  December  21st  alternation 
of  the  pulse  was  observed,  and  the  heart  rate  slowed  to  180  per  minute. 
On  December  22nd  the  heart  rate  fell  to  120  per  minute,  while  the  sj^stoHc 
blood  pressure,  which  had  been  varying  from  110  to  95  mm.  Hg.,  rose  to 
154  mm.  Hg.,  while  the  diastolic  pressure  was  90  mm.  Hg.  During  the  period 
of  relatively  .slow  heart  rate  the  patient  was  worse,  being  weak,  fatigued, 
and  uncomfortable.  On  December  27th  the  heart  rate  again  rose  to  190 
per  minute,  while  the  systoHc  blood  pressure  fell  to  105  mm.  Hg.  with  a 
diastolic  jjressure  of  95  mm.  Hg.  The  patient  seemed  better  than  during 
the  slower  heart  rate,  but  no  increase  in  the  urine  output  occurred,  and 
he  soon  began  to  have  increasing  weakness.  On  January  3rd,  1915,  he 
became  unconscious  and  apparently  moribund,  and  he  died  on  January  4th, 
eight  daj's  after  the  appearance  of  the  tachycardia.  The  heart  rate  again 
slowed  to  120  beats  per  minute  a  few  hours  before  death,  and  then  gradually 
became  slower  until  he  died.     An  autopsy  was  not  permitted. 
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Electrocardiograms  were  taken  at  frequent  intervals  throughout  the 
illness.  Record  No.  283,  taken  on  the  day  of  admission,  showed  the  ventricles 
to  be  beating  at  a  rate  of  221  per  minute  and  yielding  complexes  of  abnormal 
form.  In  the  first  lead  small  waves  of  auricular  origin,  occurring  regularly 
at  a  rate  of  116  per  minute,  can  be  made  out  (Fig.  7).  Record  No.  297  was 
obtained  on  the  first  day  of  the  relatively  slow  rate,  December  22nd,  and 
shows  that  sequential  beats  had  been  re-established  at  a  rate  of  120  per 
minute.  The  ventricular  complexes  are  small  and  distinctly  abnormal, 
but  entirely  different  from  those  seen  in  the  records  obtained  during  the 
periods  of  tachycardia  (Fig.  8).  Record  No.  300  was  obtained  on  the  first 
day  of  the  second  period  of  tachycardia,  when  the  ventricular  rate  was 
approximately  190  per  minute  (Fig.  9).  The  form  of  the  ventricular  complexes 
is  different  in  the  records  obtained  during  the  second  period  of  tachycardia 
from  those  obtained  during  the  first.  In  this  record  the  evidence  or  auricular 
activity  is  seen  in  all  leads,  and  the  independence  of  auricles  and  ventricles 
is  clearly  shown.  The  auricular  rate  is  approximately  the  same  as  that  of 
the  whole  heart  during  the  period  between  the  attacks  of  tachycardia. 
These  records  clearly  demonstrate  that  this  case  is  one  of  paroxysmal 
tachycardia  of  ventricular  origin. 

When  1/50  grain  of  atropine  sulphate  was  given  the  ventricular  rate 
was  shown  by  electrocardiograms  to  continue  at  195  per  minute,  while 
the  auricular  rate  increased  from  121  to  137  beats  per  minute. 

Case  III.  A  housewife  of  53  was  admitted  to  the  hospital  on 
October  29th,  1915,  complaining  of  indigestion,  heart  trouble  and  pain 
in  the  throat  and  arms.  Her  general  health  had  always  been  good.  There 
was  no  history  of  a  severe  infectious  disease,  or  of  the  use  of  alcohol  or  of 
excessive  physical  or  emotional  strain.  Although  married  she  had  never 
become  pregnant,  the  cause  of  sterility  being  unknown.  Her  Wassermann 
reaction  proved  to  be  negative  with  all  antigens. 

In  March,  1912,  the  patient  began  to  have  weakness  and  abdominal 
distress  after  eating  breakfast,  while  in  the  spring  of  1913  she  had  on  exertion 
an  aching  or  burning  in  the  throat  which  radiated  down  the  arms,  especially 
the  left  arm.  She  said  she  had  had  an  "  all  gone,  generally  depressed 
feeling,"  and  had  had  difficulty  in  climbing  stairs.  Hhe  considered  that  these 
symptoms  were  of  gastric  origin.  After  several  weeks  they  improved 
somewhat,  but  did  not  entirely  disappear.  In  December,  1914,  the  patient 
had  a  severe  pain  in  the  left  side  of  the  chest,  which  lasted  from  20  to  36  hours, 
and  which  she  was  told  was  pleurisj- . 

This  pain  did  not  recur.  In  March,  1915,  the  patient  became  very 
"  nervous,"  and  was  told  she  had  hj-steria.  On  the  8th  of  March  she  had 
a  severe  pain  in  the  throat  and  arms,  wliich  lasted  five  or  six  hours.  She 
remained  in  bed  for  ten  weeks  after  the  attack.  For  two  months  previous 
to  her  admission  to  the  hospital  the  patient  had  attacks  of  palpitation 
of  the  heart,  associated  \vith  a  feeUng  of  flatulence  and  with  an  aching 
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feeling  in  the  arms.  During  five  weeks  previous  to  admission  the  attacks 
of  cardiac  ijalpitation  became  more  frequent,  occurring  about  four  times 
a  week.  They  seemed  to  be  precipitated  by  "  eating  when  tired,"  and 
reclining  after  meals  lessened  the  attacks.  A  severe  attack  of  palpitation 
caused  her  to  enter  the  hospital. 

On  examination  the  patient  appeared  very  healthy.  She  was  not  in 
distress,  and  was  very  well  nourished.  There  was  slight  cyanosis  of  the 
lips,  mucous  membranes,  and  nail  beds,  and  she  was  slightly  dyspnceic. 
The  heart  was  beating  regularly  at  a  rate  of  74.  The  apex  beat  was  not 
seen  or  felt.  The  outhne  of  cardiac  dulness  extended  4  cm.  to  the  right 
and  11-5  cm.  to  the  left  of  the  mid-sternal  line.  The  heart  sounds  were 
faint  and  no  murmurs  were  heard.  The  systolic  blood  pressure  was 
135  mm.  Hg.,  and  the  diastolic  pressure  was  90  mm.  Hg.  The  fluoroscopic 
examination  revealed  "  a  somewhat  enlarged  heart."  The  abdomen  was 
somewhat  distended.  There  was  a  slight  anemia.  The  urine  showed  a 
very  slight  trace  of  albumin  and  many  hyaline  and  a  few  granular  casts. 
No  other  findings  of  importance  were  noted.  As  stated  above,  the 
Wassermann  reaction  was  negative. 

On  the  morning  after  admission  the  patient  had  an  attack  of  paljiitation 
similar  to  her  previous  ones.  It  began  and  ceased  suddenly  and  lasted 
about  half  an  hour.  The  heart  rate  was  ISO  per  minute.  During  the 
patient's  stay  in  the  hospital  the  pulse  was  often  noted  as  irregular,  and 
electrocardiograms  showed  that  the  arrhythmia  was  caused  b}'  interpolated 
premature  ectopic  beats  of  ventricular  origin  (Fig.  10). 

On  November  3rd  an  attack  of  palpitation  was  brought  on  by  exercise, 
which  was  being  carried  out  to  test  the  functional  efficiency  of  the  heart, 
and  electrocardiograms  were  obtained  at  this  time  (Fig.  11).  The  heart 
rate  as  revealed  by  the  records  was  170  per  minute,  and  the  ventricular 
complexes  were  abnormal  and  distinctly  different  from  those  seen  with  the 
slower  heart  rate.  Auricular  waves  cannot  be  identified  with  certainty, 
but  there  is  a  small  wave  on  the  ascending  limb  of  the  T  wave  of  every  other 
beat  in  the  third  lead,  which  suggests  the  possibility  of  a  retrogade 
stimulation  reaching  the  auricles  from  everj^  other  ventricular  contraction. 
This  attack  lasted  onlj'  about  half  an  hour.  Records  made  immediately 
after  its  cessation  show  ectopic  ventricular  beats,  two  occurring  at  times 
in  succession  (Fig.  12). 

This  patient  had  one  more  attack,  lasting  from  35  to  40  minutes,  on 
November  19th,  when  she  got  up  after  breakfast,  during  which  the  rate 
was  180.  Electrocardiograms  similar  to  those  shown  in  Fig.  11  were 
obtained. 

She  left  the  hospital  on  November  27th,  1915,  feeling  much  improved, 
and  was  able  to  take  care  of  her  husband  through  an  attack  of  pneumonia 
during  the  winter  without  discomfort.  During  the  spring,  about  six  months 
after  leaving  the  hospital,  she  fell  dead,  apparently  without  any  premonitory 
sj^mptoms.     No  autopsy  was  performed. 
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Case  I  V.  A  labourer  of  49  j^ears  was  admitted  to  the  hospital  on 
April  2oth,  1918,  from  the  Out-patient  department  for  tachycardia  and 
pain  in  the  chest.  He  gave  a  history  of  syphilitic  infection  at  the  age  of 
17.  He  had  used  alcohol  moderately,  and  had  had  several  attacks  of  acute 
rheumatic  fever.  He  also  gave  a  history  of  one  previous  attack  of  palpitation 
of  the  heart.  He  said  that  six  days  previous  to  admission  he  was  taken 
suddenly  with  a  sharp  pain  in  the  chest  on  reclining,  which  was  followed 
by  a  thumping  of  the  heart  and  a  choking  sensation.  He  vomited  and 
was  unable  to  sleep.  His  heart  became  quiet  in  two  days,  but  on  attempting 
to  M'alk  to  his  place  of  work  the  cardiac  symptoms  returned  and  persisted 
until  and  after  his  admission  to  the  hospital,  three  days  later. 

On  admission  he  presented  an  anxious  expression  with  slight  cyanosis 
of  the  lips,  ears,  and  nail  beds.  His  face  was  of  an  ashy  hue.  There  was 
slight  engorgement  of  the  veins  of  the  neck,  and  moderate  dyspnoea  with 
Cheyne-Stokes  breathing.  Moist  rales  were  heard  over  the  bases  of  both 
lungs  posteriorly. 

Over  the  heart,  in  the  region  of  the  apex  and  in  the  epigastrium,  a 
fluttering  or  tremulous  movement  was  seen.  The  outline  of  the  cardiac 
dulness  extended  4-5  cm.  to  the  right  and  12  cm.  to  the  left  of  the  mid-sternal 
line.  Both  heart  sounds  were  distinct  at  the  base  and  embryocardiac  in 
character.  The  heart  rate  was  230  to  240  per  minute.  Only  one  heart 
sound  could  be  heard  at  the  apex.  The  heart  rate  could  not  be  altered  by 
pressure  over  either  vagus  nerve  or  by  ocular  pressure.  The  systolic  blood 
pressure  was  80  mm.  Hg.  The  diastolic  pressure  68  mm.  Hg.  The  abdomen 
was  distended  and  rigid.  The  liver  extended  7  cm.  below  the  costal  margin, 
felt  smooth  and  was  very  tender.  The  pupils  reacted  sluggishly  to  light. 
The  knee  jerks  and  Achilles  tendon  reflexes  were  exaggerated  equally  on 
the  two  sides.  A  "  seven  foot  "  X-ray  plate  showed  what  was  interpreted 
as  an  extreme  degree  of  aortitis.  The  Wassermann  reaction  of  the  blood  was 
negative,  while  the  spinal  fluid  gave  a  moderately  strong  positive  reaction. 

Electrocardiograms  taken  soon  after  admission  revealed  abnormal 
ventricular  complexes  occurring  at  a  rate  of  228  per  minute.  Accompanjang 
every  second  complex  of  the  second  lead  a  well  defined  wave  is  seen,  which 
seems  to  indicate  that  the  auricles  were  beating  at  a  rate  of  114  per  minute. 
Auricular  waves  are  less  definite  in  the  third  lead  and  cannot  be  made  out 
in  the  first  lead  records  (Fig.  13). 

The  tachycardia  ceased  two  days  after  his  admission  to  the  hosiiital, 
having  continued  with  a  brief  intermission  for  seven  days,  and  having  been 
apparently  continuous  for  five  days.  At  the  time  of  cessation  of  the 
tachycardia  the  heart  beat  was  irregular  for  a  short  period,  but  when 
electrocardiograms  were  obtained  the  heart  was  beating  regularly  at  a  rate 
of  82  per  minute.  There  was  no  delay  in  .4-  V  conduction.  The  T  wave 
was  inverted  in  all  leads  (Fig.  14). 

The  systolic  and  diastolic  blood  pressures  were  90  and  CO  mm.  Hg. 
respectively  at  this  time,  but  rose  in  24  hours  to  105  and  60. 
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During  the  period  of  normal  rhythm,  diastolic  and  systolic  muruuirs 
arising  at  the  aortic  orifice  were  heard,  and  a  thriU  could  be  felt  over  the 
second  right  interspace.  The  patient  was  found  to  have  a  right-sided 
hjdrothorax,  which  was  drained.  He  remained  in  the  hospital  for  one 
month,  and  anti-syphiUtic  treatment  with  salvarsan  and  mercury  was 
instituted,  and  has  been  continued.  The  patient  can  now  carry  on  hght 
work,  and  has  had  no  return  of  tachycardia. 

During  his  stay  in  the  hospital  numerous  electrocardiograms  were 
obtained,  and  changes  in  the  T  wave  were  observed.  All  leads  showed 
an  inverted  T  wave  for  the  first  five  days  after  the  cessation  of  tachycardia. 
Then  the  T  wave  of  the  third  lead  became  upright.  On  the  following  day 
the  T  wave  of  the  second  lead  became  flat,  instead  of  inverted.  Twenty 
days  later  the  T  wave  of  the  first  lead  was  flat,  while  those  of  the  other 
leads  were  upright.  Xo  digitalis  was  administered.  Records  made  at 
intervals  since  the  patient's  discharge  from  the  hospital  show  normal 
electrocardiograms  Avith  upright  T  waves  in  all  leads.  This  change  in  the 
T  wave  resembles  certain  findings  of  Smith'"  after  coronary  ligation  and 
also  those  observed  by  Herrick*  in  a  case  of  coronary  thrombo.sis  which  he 
reported.  These  changes  may  be  taken  as  a  probable  indication  of 
myocardial  disturbance,  possibly  secondary  to  an  interference  with  the 
coronary  circulation. 

Discussion. 

The  four  cases  which  have  been  described  present  sufficient  evidence, 
in  our  opinion,  to  warrant  in  each  instance  the  diagno.sis  of  i:)aroxysmal 
tacliycardia  of  ventricular  origin.  They  were  all  observed  during  periods 
when  the  heart  rate  was  from  170  to  228  per  minute.  These  rapid  rates 
occurred  in  paroxysms,  and  periods  of  relatively  slow  cardiac  rates  were 
observed  in  each  instance.  The  transitions  between  the  very  rapid  and 
relativelj-  slow  rates  were,  as  far  as  observed,  always  sudden. 

That  the  tachycardia  was  caused  in  each  case  by  a  very  rapid  succession 
of  impulses  arising  in  one  of  the  ventricles  was  determined  by  electro- 
cardiograms obtained  during  the  paroxysms  and  during  the  periods  of 
relatively  slow  rate.  The  ventricular  complexes  in  all  records  taken  during 
jjaroxysms  are  strikingly  abnormal,  and  differ  markedly  from  those  obtained 
between  attacks.  None  of  the  records  taken  during  relatively  slow  rates 
show  ventricular  comiilexes  wliich  are  characteristic  of  disturbances  in  the 
main  branches  of  the  intraventricular  conducting  system.  The  ventricular 
complexes  of  the  tachycardia  records  from  all  cases  resemble  those  which 
are  obtained  when  impulses  arise  in  the  ventricles,  either  by  single  spontaneous 
ectopic  impulse  formation  or  by  direct  electrical  stimulation  of  the  exposed 
ventricles  in  animals.  In  the  last  case  the  complexes  resemble  those 
produced  by  ventricular  contractions  arising  from  stimulation  of  the  right 
ventricle,  while  the  curves  from  the  other  three  cases  suggest  that  the  ectopic 
impulses  originated  in  the  left  ventricle.     The  difference  in  form  between 
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the  complexes  of  the  first  paroxysm  of  Case  II  and  those  of  the  second 
paroxysm,  is  of  interest,  and  is  the  result,  we  think,  of  alteration  in  the 
intraventricular  conduction  rather  than  of  a  change  in  the  site  of  impulse 
formation. 

In  two  of  the  cases,  the  second  and  fourtli.  definite  evidence  of  auricular 
contractions  occurring  at  a  slower  rate  tlian  that  of  the  ventricles  is  seen  in 
the  electrocardiograms,  waves  denoting  auricular  contractions  being  present. 
In  the  other  two  cases  evidence  of  auricular  activity  during  the  tachycardia 
is  less  certain. 

The  electrocardiograms  taken  between  the  paroxysms  of  tachycardia 
show  definite  abnormalities  in  all  the  cases.  In  the  first  and  second  cases 
the  ventricular  complexes  are  unusually  small  and  deformed.  They 
resemble  the  complexes  seen  in  the  case  of  coronary  thrombosis  reported 
by  Herrick*,  and  those  from  another  case  of  coronar\'  thrombosis,  confirmed 
at  autopsy,  from  which  we  obtained  electrocardiograms.  The  T  wave  is 
inverted  in  all  leads  in  Cases  III  and  IV,  in  the  first  lead  in  Case  I,  and 
in  the  third  lead  in  Case  II,  the  QBS  group  of  waves  is  not  unduly  prolonged 
in  any  of  the  cases.  The  curves  from  all  these  cases  present  evidence  of 
mj'ocardial  damage,  either  from  the  form  and  size  of  the  ventricular 
complexes  {Cases  I  and  77),  or  from  tiie  inversion  of  the  T  wave  in  all  leads 
(Cases  77/ and  IV). 

In  only  one  case,  numljcr  77  7.  were  premature  ectopic  ventricular  beats 
recorded,  and  in  this  case  tliey  were  unusual,  because  thej'  were  interpolated 
between  sequential  beats  and  because  they  tended  to  occur  in  pairs. 

The  relation  of  coronary  occlusion  to  ventricular  paroxysmal 
tachycardia  is  a  point  of  especial  interest  in  regard  to  the  cases  that  have 
been  reported  and  to  the  phenomenon  generaUj'.  As  has  been  pointed  out, 
this  relationsliip  has  been  established  for  animals  under  experimental 
conditions.  In  our  first  case,  where  sypliiHtic  changes  and  a  thrombosis 
of  the  left  descending  coronary  were  demonstrated  at  autopsy,  the 
tachycardia  was  apparently  the  result  of  changes  brought  about  by  occlusion 
of  the  coronary  artery.  In  the  second  case  the  patient's  history  is  very 
suggestive  of  coronary  occlusion,  especially  the  sudden  onset  of  the  illness 
with  severe  pain  in  the  region  of  the  heart  radiating  down  the  left  arm. 
This  primary  attack,  and  several  that  foUo^ved  it,  were  typical  of  angina 
pectoris,  so  often  associated  with  coronary  artery  disease.  There  was  no 
evidence  of  syphilis,  but  chronic  nephritis,  artero-sclerosis,  and  hypertension 
were  present.  The  tliirdcase  is  perhaps  the  one  in  which  there  is  the  least 
evidence  of  a  lesion  in  the  coronary  arteries.  The  history  of  this  patient 
which  is  given  in  some  detail,  is  suggestive  of  relatively  mild  attacks  of  angina 
pectoris.  The  fact  that  she  never  became  pregnant  during  her  long  married 
life  suggests  that  she  or  her  husband  may  have  had  sypliilis.  The  most 
significant  fact,  however  is  her  sudden  death,  wdiich  apparently  occurred 
witliout  premonition.     Such  an  occurrence  is  certainly  suggestive  of  sudden 
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heart  failure,  especially  of  ventricular  fihrillation,  which  in  turn  points 
toward  a  lesion  of  the  coronary  arteries. 

In  the  fourth  case  a  definite  history  of  syphiUs  -n-ith  an  extensive  lesion 
of  the  aortic  orifice  is  very  suggestive  of  a  lesion  involving  the  coronary 
vessels,  especially  at  their  origin.  Our  first  case,  is,  we  believe,  the  first 
instance  where  direct  evidence  of  the  association  of  ventricular  paroxysmal 
tachycardia  with  coronary  occlusion  has  been  obtained,  although  in  two 
other  cases  wliich  have  been  studied  by  others,  lesions  of  the  coronary 
arteries  may  have  been  causative  factors. 

The  relationship  between  paroxysmal  tachycardia  of  ventricular  origin 
and  coronary  occlusion  is  by  no  means  constant.  We  have  recently  observed 
two  cases  which  showed  occhision  of  the  coronaries  at  autojisy,  neither  of 
which  had  tachycardia  of  high  grade  during  life. 

The  prognosis  of  paroxysmal  tachycardia  of  ventricular  origin  is 
distinctly  less  favourable  than  that  of  auricular  origin.  While  three  of  our 
four  cases  died,  only  one  of  eight  cases  of  auricular  origin  have  succumbed, 
as  far  as  we  know.  In  the  one  fatal  case  of  paroxysmal  auricular  tachy- 
cardia, cardiac  failure  from  other  causes  apparently  produced  the  fatal 
issue,  and  the  attacks  of  auricular  paroxysmal  tachycardia  were  only 
incidental.  It  is  probably  upon  the  serious  lesion  which  calls  forth  the 
ventricular  type  of  tachjcardia  that  the  unfavourable  prognosis  of  this 
form  of  tachycardia  depends.  However,  any  disturbance  of  the  heart- 
beat which  has  its  origin  in  the  ventricles  must  be  of  more  serious 
significance  than  those  disturbances  arising  in  the  auricles. 

Another  factor  in  the  prognosis  of  this  type  of  paroxysmal  tachycardia 
is  its  tendency  to  pass  over  into  ventricular  fibrillation,  which  usually  means 
permanent  cessation  of  the  circulation  and  death.  This  occurred  in  the  dog 
from  wliich  Fig.  1  was  obtained.  It  may  have  hapi^ened  in  the  case  of  the 
first  and  tliird  patients,  here  recorded,  although  we  have  no  proof  of  it  in 
either  instance.  The  sj^mptoms  which  we  have  observed  in  the  two  groups  of 
cases  are  much  more  severe  and  alarming  in  paroxysmal  tachycardia  of 
ventricular  origin  than  in  that  of  auricular  origin. 


Conclusion. 

Four  cases  of  paroxysmal  tachycardia  of  veutricidar  origin  are  described. 
The  diagnosis  of  tliis  condition  depends  on  the  interpretation  of  electro- 
cardiograms, and  certain  features  necessary  for  this  diagnosis  are  discussed. 

The  relationsliip  between  this  condition  and  occlusion  of  the  coronary 
vessels  has  been  proven  in  animals.  Tliis  relationship,  although  inconstant, 
exists  in  some  of  the  cases  of  ventriciilar  paroxj'smal  tachycardia  in  man. 
This  relationship  was  definite  in  the  first  case  here  reported  and  studied  at 
autopsy,  and  was  probably  present  in  all  of  our  cases. 
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The  prognosis  of  paroxysmal  tachycardia  of  ventricular  origin  is  more 
unfavourable  than  that  of  auricular  origin,  and  the  differentiation  of  the 
two  types  is  of  practical  importance. 

We  wish  to  thank  Dr.  ;M.  T.  Burrows  for  the  pathological  study  of  our 
first  case,  and  also  for  the  photographs  illustrating  the  lesions  in  this  case. 
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Fig.  2.  CWsc  I.  Electrocardiograms  obtained  during 
the  first  paroxysm  of  tachycardia.  Rate  185 
per  minute. 


.  3.  Vase  1.  Electrocardiogram 
obtained  after  the  cessation  of  the 
tachycardia.   Rate  120  per  minute. 
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I-ig  4.  Case  I.  Photoprapli  of  tlit-  lit-ar 
of  tho  left  coionarv  arteiv.  the  lesioi 
of  the  ventricular  wall. 


■ino;  thioiiihosis  of  the  anleiior  descendins  hraiich 
}  cut  surface  of  the  myocaicliuin,  and  the  thiruiini' 


foronary  aitery  showing  great  thickenin-  , 


A  wall, 


FiL'.  .-,.      rv,.v,.  7.      Section  of  the  left 
and  the  thrombus  mass. 

Fig.  (i  Case  I  Section  of  the  coronary  artery  at  the  site  of  the  thrombt.s  formation.  Tliere  is 
much  prohfiorat.on  of  the  connective  tis.sue  of  the  intima  and  media,  and  extensive  small 
loun.    cell  nililtr.nion,  giving  a  typical  picture  of  a  syphilitic  lesion  within  the  wall  of  the 
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OBSERVATIONS  UPON  FLUTTER  AND  FIBRILLATION. 

Part  VI. 

THE  REFRACTORY  PERIOD.  AND  RATE  OF  PROPAGATION  IN 
THE  AURICLE:  THEIR  RELATION  TO  BLOCK  IN  THE 
AURICULAR  WALLS  AND  TO  FLUTTER,  Etc.* 

By  THOMAS  LEWIS,  A.  N.  DRURY  and  H.  A.  BULGER. 

(  University   College   Hospiiol  Medical  School.) 

Method. 

Direct  measurement  of  the  refractory  periodf  in  the  mammaUan  auricle 
under  different  conditions  is  not  so  easy  a  matter  as  might  at  first  be  thouglit. 
The  period  is  always  brief,  in  some  circumstances  very  brief,  and 
consequently  errors  which  exceed  materially  0*01  of  a  second  render  the 
measurements  insufficiently  exact.  A  high  grade  of  accuracy  is  required. 
The  method  of  measurement  now  described  is  the  most  accurate  which  we 
have  found  available  ;  but  it  is  suited  only  to  hearts  driven  artificially  at 
chosen  rates,  and  gives  reliable  results  only  when  the  muscle  is  atropinised. 
A  second  method,  described  at  a  later  stage,  is  available  when  the  heart  is 
beating  in  response  to  inherent  impulses  and  atropinisation  is  unnecessary, 
but  it  introduces  a  very  material  error  which  may  or  may  not  be  subject  to 
control. 

The  apparatus  employed  is  shown  diagrammatically  in  Fig.  L  Two 
induction  coils  are  used,  and  the  secondary  coils  are  united  in  a  singte 
circuit  which  passes  through  the  stimulating  electrodes.  The  stimulating 
electrodes  consist  of  a  pair  of  very  small  barbed  fish  hooks,  sealed  with 
the  smallest  possible  gap  between  them.  The}'  are  hooked  into  the 
auricle  at  the  desired  point  and  remain  permanently  in  position.  The 
left-hand  inductorium  jields  rhythmic  shocks  at  any  desired  rate  ;  these 
control  the  heart  rate.  The  right-hand  inductorium  yields  single  shocks 
at  irregular  intervals  ;  these  test  the  refractory  period  of  the  controlled 
heart  beat.  The  primary  coil  of  the  left-hand  or  controUing  inductorium 
is  activated  by  its  own  battery  and  by  a  rotating  interrupter.  This 
interrupter  is  a  heavy  metal  wheel  from  which  two  metal  blocks  project ; 

*  Observations  undertaken  on  behalf  of  the  Medical  Research  Council. 

T  In  speaking  of  refractory  period,  without  qualification,  we  mean  tha  absolute  refractory 
period. 
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each  of  tliese  metal  blocks  in  its  revolution  makes  and  breaks  a  platinum 
contact  key.  The  one  block  makes  and  breaks  contact  on  the  circuit  which 
supplies  the  primary  coil  ;  the  other  short-circuits  and  opens  the  circuit  of  the 
secondary  coil.  The  contacts  are  so  arranged  that  the  current  induced  in  the 
secondary  coil  in  response  to  the  break  of  the  primary  coil  is  alone 
transmitted  to  the  stimulating  electrodes  ;*  a  series  of  single  rhythmic 
break  shocks  is  thus  obtained.  The  right-hand  inductorium  is  supplied  by 
its  own  battery  and  is  controlled  by  a  tapping  key  :  shocks  are  transmitted 
to  the  stimulating  electrode  whenever  this  key  is  made  or  broken.  Uniting 
the  two  circuits  of  the  primary  coils  are  two  high  resistance  circuits,  and  the 
string  galvanometer  is  suitably  bridged  across  these.  The  resistances  are  so 
arranged  that  a  .small  fraction  of  the  current  flowing  through  each  primary 
coil  passes  through  the  string,  which  records  photographically  the  make  and 
break  of  these  currents.  In  this  way  the  errors  arising  from  magnetic 
signals  are  avoided,  and  the  magnitude  of  the  currents  passing  into  the 
primary  coils  is  registered.  At  each  revolution  of  the  interrupter  the  string 
deviates  sharply  from  a  base  line  as  the  primary  circuit  is  made  ;  it  hangs 
for  an  instant  and  returns  sharply  to  its  base  line  at  the  breaking  of  the 
circuit  ;  these  deflections  are  seen  in  Figs.  7  and  8.  At  each  make  and 
break  of  the  right-hand  circuit  by  the  tapping  key  the  string  is  deflected 
from  or  returns  to  the  zero  line  ;  these  movements  are  at  once  distinguished 
in  the  records  by  their  irregular  incidence  and  by  the  distance  between  the 
make  and  break  of  the  circuit. f 

The  second  string  of  the  galvanometer  (lower  record  in  Fig.  7)  is 
connected  to  a  pair  of  non-polarisable  contacts,  and  these  are  placed  on  the 
surface  of  the  auricle  at  about  15  millimetres  from  and  in  Hne  with  the 
stimulating  electrodes.  The  second  string  is  used  purely  to  record  the 
responses  of  the  auricular  muscle  and  fields  the  usual  sharp  intrinsic 
deflection  at  each  excitation  of  the  muscle. 
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t  It  is  to  be  noted  that  we  have  used  in  most  experiments  both  make  and  break  testing 
shocks,  and  include  the  readings  of  both  in  the  majority  of  our  tables.  This  has  been  necessary 
in  some  cases,  and  convenient  in  others,  in  building  up  a  sufficient  series  of  readings.  Tlie  use 
of  break  shocks  only  as  testing  shocks  would  have  so  prolonged  many  of  the  experiments  as  to 
have  made  a  comparison  of  early  and  late  readings  of  the  refractory  period  too  precarious.  Now 
it  is  known  that,  when  shocks  approaching  threshold  value  are  used,  a  stronger  shock  will  give 
response  at^  a  slightly  earlier  period  of  the  process  of  recovery  than  will  a  weaker  shock 
(Samojloff,'=  Lucas'  and  Adrian').  It  apjrears  to  be  necest^arv,  if  tlie  effects  of  make  and  break 
shocks  are  to  be  compared,  that  the  make  shocks  should  be  well  above  threshold  value.  We  have 
actually  used  them  at  a  point  300  to  400  per  cent,  above  tlu-esliold  value.  Tliese  percentages 
have  been  c."»lculated  by  measuring  and  comparing  the  currents  wliich  it  is  necessary  to  pass 
through  the  primar>-  coil  when  the  induced  shocks  are  at  threshold  value  and  at  the  strength  used 
in  oin-  eyperiments.  In  our  tables  we  mark  the  rendincrs  {>ii  or  6)  according  to  the  kind  of  stimulus 
which  was  used  to  obtain  the  reading.  If  there  remains  any  possibility  "that  break  shocks  jaeld 
responses  at  points  too  early  for  comparison  witli  the  no  responses  of  make  shocks,  responses  to 
the  former  may  be  cast  out  of  our  tables  ;  thereby  the  values  of  the  refractory  periods  are  but 
little  affected,  and  the  tables  are  stiU  more  than  sufficiently  fuU  to  support  adequately  the 
conclusions  at  which  we  arrive.  To  be  absolutely  on  the  safe  side,  however,  we  have  added  to 
each  group  of  measiu-ements  one  or  more  experinients  in  which  break  testing  shocks,  and  these 
only,  have  been  employed.      (See  footnote  to  page  129.) 


F  L  U  T  T  E  R     A  X  D     FIBRILLATION.  85 

This  ?iK'thocl  has  the  advantage  that  the  shocks  which  control  the 
rliytluuic  beats  of  the  heart,  and  the  shocivS  wliich  test  the  refractory  period, 
enter  the  muscle  at  precisely  the  same  place.  The  measurements  are  made 
by  means  of  the  comparator,  and  confine  themselves  to  the  upper  string 
shadow  which  records  the  electrical  shocks.  The  measurement  is  taken 
from  the  second*  of  two  or  more  effective  rhythmic  break  shocks  (rb,  Fig.  7) 
to  the  testing  shock  (b.  Fig.  7)  which  falls  afterf  it.  These  intervals  are 
tabulated  and  a  sufficient  scries  is  obtained  to  establish  the  limits  of  response 


Fig.    1.      .-\  diagram  of  the  apparatus  used  in  testing  tlie  refractory  period  of  the  auricle. 


and  no  response,  responses  being  signalled  by  the  second  string.  The  object 
is  to  ascertain  the  shortest  interval  between  two  shocks,  each  of  which  jaelds 
a  response  and  the  longest  interval  between  two  shocks,  the  first  of  which 
alone  yields  a  response.  The  intermediate  value  expresses  the  length  of  the 
refractorj'  period. 


*  It  is  a  matter  of  moment  that  two  effective  rhythmic  shocks  should  precede  the  test  shock, 
for  the  refractory  period  is  altered  by  the  length  of  pause  which  precedes  the  systole  whose 
refractory  period  is  tested.  That  this  pause  should  remain  constant  is  a  very  necessary 
precaution. 

t  The  measurement  may  not  be  made  from  a  testing  shock  to  the  next  rh>thmic  shock  ; 
for  supposing  both  shocks  to  jield  a  response,  the  second  follows  a  short  period  of  rest,  and  the 
length  of  the  refractory  period  measured  would  be  subject  to  disturbance, 
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Influence  of  the  vagxis  upon  the  refractory  period  of  avricular  muscle  * 

In  testing  the  refractory  period  of  the  auricle  by  this  method,  a  group 
of  plates  is  taken  while  the  auricle  is  responding  to  rhythmic  shocks  and 
occasional  testing  shocks  (Fig.  7).  Inspection  of  the  plates  is  in  itself 
sufficient  to  determine  the  length  of  the  refractory  period  within  certain 
limits.  If  the  rhythmic  responses  of  the  auricle  are  at  a  rate  of  200  per  minute 
then  the  length  of  each  cycle  is  0*3  of  a  second  ;  the  cycle  corresponds  to 
three  tenths  of  a  second  ;  the  tenths  (or  fifths)  of  a  second  are  recorded  on 
the  plates  as  vertical  lines.  The  testing  shock  falls  after  the  preceding 
rhythmic  shock  at  an  interval  which  varies  from  0*0  up  to  0-3  of  a  second. 
The  actual  interval  may  be  gauged  by  simple  inspection  of  the  plate  with  an 
error  not  exceeding  plus  or  minus  0*02  of  a  second.  If,  on  simple  inspection 
of  the  plates,  it  is  clear  that  the  refractory  period  has  a  duration  of  let  us  say 
0*1  (4-  or  —  0"02)  of  a  second,  then  all  intervals  lying  between  these  hmits 
{i.e.,  0*08  on  the  one  hand  and  0*12  of  a  second  on  the  other)  are  submitted 
to  accurate  measurement.  A  few  more  intervals  are  chosen  and  measured  to 
build  up  the  series,  and  all  are  then  tabulated  in  order  of  length  in  decimal 
points  of  a  second. f  It  is  unnecessary  finely  to  measure  every  interval  on 
the  plates  while  ensuring  an  accurate  estimate  of  the  refractory  period.  If  the 
apparent  refractory  period  lies  at  O'l  of  a  second,  it  is  only  necessary  to 
measure  precisely,  on  the  one  hand,  aU  intervals  which  have  an  apparent 
length  of  0*12  of  a  second  or  less,  and  which  are  associated  with  response  of 
the  auricle  ;  and,  on  the  other  hand,  all  intervals  which  have  an  apparent 
length  of  0'08  of  a  second  or  more  and  wliich  are  associated  with  no  response. 
The  critical  point  lies  at  about  0*1  of  a  second,  consequently  it  is  unnecessary 
to  measure  precisely  all  the  intervals,  associated  with  response  up  to  0*3  of 
a  second,  or  all  the  intervals  down  to  zero,  which  are  associated  with  no 
response.  The  method  of  selection  used  ensure*;  accuracy,  but  it  tends  to 
over -emphasise  somewhat  the  frequency  of  discrepancies,  for  all  discrep- 
ancies become  included  in  the  tables.  J  In  the  tables  "  no  response  "  is 
indicated  by  the  readings  which  are  in  heavy  type. 

Table  I  includes  readings  obtained  from  the  auricles  of  9  dogs,§  and  these 
are  arranged  under  three  headings.  In  the  "  control  "  columns  are  the 
intervals  obtained  when  the  auricle  was  responding  to  rhythmic  shocks  and 
occasional  testing  shocks  at  a  single  point.  In  other  columns  the  intervals 
obtained  in  similar  circumstances,  but  while  the  auricle  was  affected  by 
vagal    stimulation,    are    expressed    (see    Fig.  9).     The    intensity    of    vagal 

*  A  preliminary  notice  of  these  observations  has  been  published  in  the  Proc.  physiol.  Soc, 
December  18th,  1920. 

t  The  readings  given  have  no  greater  error  than  0-001  of  a  second  ;  usually  the  error  is  less 
than  this  figure. 

+  It  may  be  taken  for  granted  that  responses  always  occurred  when  the  intervals  were  greater 
than  the  largest  shown  in  the  tables  and  never  occurred  when  the  intervals  were  less  than  the 
smallest  shown  in  the  tables. 

§  These  dogs,  like  all  the  dogs  on  which  the  experiments  recorded  in  this  article  were 
performed,  were  fully  anaesthetised  throughout  wi^h  morpliia,  paraldehyde  and  ether. 
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stimulation  used  was  such  as  to  bring  the  ventricle  to  prolonged  standstill ; 
the  right  auricle  and  right  vagus  have  been  investigated  exclusively.  In 
other  columns  the  intervals  obtained  in  similar  circumstances  to  the 
"  control  "  intervals,  but  while  the  heart  was  saturated  Mith  atropine,  are 
given.*  A  horizontal  line  divides  the  readings  of  the  table  at  the  point 
which  represents  the  length  of  the  absolute  refractorj-  period.  Thus  in  the 
vagal  column  of  Dog  LP,  the  intervals  associated  with  response  are  0"037, 
0*048,  0*048  of  a  second,  etc.,  while  these  associated  with  no  response  are 
0*035,  0*026  of  a  second.  The  refractory  period  has  a  duration  Ijing  between 
O'OSo  to  0*037  of  a  second.  In  the  "  control  "  column  of  Dog  LQ  there  is  an 
unimportant  discrepancy,  the  interval  0*066  being  associated  with  no 
response  ;  in  other  instances  the  discrepancies  are  greater.  We  draw  our  line 
in  each  instance  at  the  point  where  no  response  becomes  constant,  for  reasons 
which  will  be  discussed  more  fully  w  hen  the  meaning  of  these  discrepancies 
is  considered. 

In  the  controls,  and  wlule  the  auricle  is  responding  to  rates  approximating 
to  2(»0  per  minute, t  the  absolute  refractory  period  is  approximately  0046, 
OOfil,  0-029,  0047,  OOli),  0041,  0093,  007o  and  OllS  of  a  second  in  the 
nine  experiments. 

Under  vagal  stimulation  the  refractory  period  in  six  of  these  experiments 
(the  corresponding  control  readings  are  itaUcised  above)  is  0036,  0-030,  less 
than  0020,  0024,  0014  and  0028  of  a  second.  The  reduction  is  notable 
and  constant.     The  average  value  is  0025  of  a  second. 

It  is  to  be  observed  that  the  refractory  period  in  the  control  observations 
is  very  variable,  ranging  from  0029  to  01 18  of  a  second.  This  variation  is 
due,  in  our  view,  to  variation  in  the  intensity  with  which  the  rhjthmic 
shocks  stimulate  the  vagal  nerve  endings  in  the  auricle  from  animal  to 
animal  ;  for  by  the  method  employed,  the  refractory  period  is  measured  at 
the  point  at  which  these  rhythmic  shocks  enter.  The  measurements  of  the 
refractory  period  expressed  by  the  control  columns  do  not  express  the 
natural  refractory  periods  of  the  muscle,  beating  at  200  per  minute  ;  they 
express  the  refractory  period  of  muscle  in  wiiich  the  vagal  nerve  endings  are 
in  greater  or  lesser  degree  excited  ;  and  the  comparison  of  measurements  in 
the  control  observations  and  in  those  taken  under  vagal  stimulation,  do  not 
fully  display  the  influence  of  vagal  stimulation  upon  the  length  of  the 
refractory  period.  This  local  effect  of  rhji;hmic  shocks  upon  the  vagal  nerve 
endings  is  proved  by  the  measurements  of  the  refractory  period  under 
atropine  (see  a  previous  article  of  this  series  ^).  In  the  atropinised 
auricle  the  refractory  period    measures  0109,   0127,   0142,   0124,   0102, 

*  Atropine  sulphate  in  doses  of  from  0-01  to  0-02  of  a  gramme  was  used  in  dogs  weighing 
9  to  14  kilogrammes.  The  vagus  nerve  was  strongly  stimulated  and  the  effect  observed  before 
and  after  the  injection  of  atropine  and  after  the  completion  of  the  series  of  observations  under 
atropine  in  each  instance. 

t  The  rate  of  rhythmic  stimulation  chosen  must  be  such  that  it  will  lie  above  the  level  of  the 
spontaneously  beating  auricle  in  all  the  circumstances  of  the  experiment. 
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01 39  and  01 32  of  a  second  or,  in  the  average  012o  of  a  second.  Under 
atropine  the  measured  length  of  the  refractory  period  becomes  relatively 
constant,  and  such  variation  as  is  shown  does  not  run  hand  in  hand  with  the 
variations  seen  in  the  measured  length  of  the  period  in  the  contn^l  ex])eri- 
ments.  Both  the  relatively  low  values  of  the  controls,  and  the  considerable 
variation  seen  in  the  control  estimates,  are  evidently  brought  about  by  the 
local  effect  of  the  rhythmic  shocks  upon  (lie  l)ranches  of  the  vagus  in  the 
muscle. 

The  values  obtained  for  the  refractory  period  in  the  atropinised  heart 
average  01 25  of  a  second.  The  full  influence  of  the  vagus  is  expressed  by 
the  figures  01 25  and  0025  of  a  second.  Under  vagal  stimulation  the 
refi-actory  period  is  reduced  to  one-fifth  of  its  full  value.  The  reduction  from 
the  natural  value  is  probably  less  than  this,  for  it  may  be  supposed  that 
normal  vagal  tone  exerts  some  shortening  influence  in  the  unatropinised 
heart ;  there  is  reason  for  believing,  however,  that  under  the  conditions  of 
our  experiments  vagal  tone  is  not  very  great  (see  page  124)  :*  in  none  of  these 
experiments  has  the  injection  of  atropine  been  followed  by  very  appreciable 
quickening  of  the  natural  heart  rhj'thm.  It  maj'  be  objected  that  the  value 
0-125  does  not  necessarily  represent  the  refractory  period  of  the  heart  beating 
naturally  at  200  per  minute,  since  the  animals  are  deeply  anaesthetised  ; 
this  question  of  the  effect  of  anaesthesia  does  not  at  present  concern  us  ;  the 
object  of  these  observations  has  been  to  obtain  values  for  the  i-efractory 
period  which  may  be  used  in  studying  flutter  and  fibrillation,  produced  in 
the  auricle  under  similar  experimental  conditions. 

For  the  moment  we  are  content  to  draw  attention  to  the  profound 
influence  which  the  vagus  exerts  in  reducing  the  refractory  period  under 
the  conditions  of  our  experiments  ;  the  period  over  which  the  auricular 
muscle  is  responsive  is  notably  prolonged  ;  in  a  cycle  of  0-3  of  a  second,  it  is 
prolonged  from  0-175  to  0-275  of  a  second.  This  action  of  the  vagus,  at 
first  sight  paradoxical,  is  in  fact  not  so.  Vagal  stimulation  exerts  a  profound 
influence  upon  the  character  of  auricular  contractions  ;  they  become 
conspicuously  smaller,  as  may  be  seen  by  inspection  of  the  chamber.!  A 
depressing  effect  of  vagal  stimulation  upon  the  contraction  process,  whereby 
both  its  strength  and  duration^  are  reduced,  is  to  be  assumed,  and  accounts 
for  the  phenomena  witnessed. 

♦  That  is  almost  always  the  case  wlien  tlie  pericardium  is  open. 

f  A  grapliic  illustration  of  this  effect  will  be  found  in  this  Journal,  1913-14,  v,  247,  Fig.  11. 

{  Samojloff'-  noticed  a  conspicuous  shortening  of  the  R-  T  interval  of  the  frog's  ventricular 
electrogram  under  vagal  stimulation,  the  rate  of  the  ventricle  being  maintained  at  a  constant 
point.  Dale  and  Mines-  recorded  a  similar  change  in  the  electrogram  of  the  frog's  amide  and 
ventricle,  when  the  rate  of  the  spontaneously  beating  heart  was  not  greatly  reduced  by  the  vagal 
stimulation. 

Raaflaub"  measured  the  refracting  period  in  four  frogs  ventricles  and  in  three  other  frogs" 
ventricles  under  vagal  stimulation.  His  values  are  not  very  convincing,  though  Haaflaub 
concludes  that  the  refractory  period  under  vagal  stimulation  is  very  much  shortened. 
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A  special  word  is  desirable  upon  the  discrepancies  displayed  by  this 
table.  Some  of  these  are  inconspicuous  ;  for  example,  the  overlap  (0  066) 
in  the  control  series  of  Dog  LQ  ;  others  are  conspicuous  and  may  scarcely 
be  neglected,  for  example,  the  overlap  (0068)  of  the  control  series  of  Dog  LS. 
It  is  to  be  remembered  that  a  given  series  of  observations  may  be  spread 
over  a  period  of  perhaps  15  or  20  minutes,  and  that  some  variation  in  the 
actual  refractory  period  may  occur  during  the  course  of  its  measurement. 
But  that  is  not  a  full  explanation,  for  discrepancies  wliich  are  not  negligible 
are  found  from  time  to  time,  occurring  within  a  few  seconds  of  each  other, 
and  tliis  is  especially  the  case  when  the  rate  at  which  the  auricle  is  driven 
is  comparatively  liigh. 


Influence  of  rale  upon  ike  refractory  period. 

It  is  well  known  that  the  length  of  systole  in  cardiac  muscle  is  influenced 
by  the  rate  of  beating,  the  systole  becoming  shorter  as  the  rate  increases. 
This  relation  between  rate  and  length  of  systole  was  studied  in  considerable 
detail  by  Mines*",  who  worked  with  the  frog's  ventricle.  It  is  probable, 
as  Mines  states,  that  the  length  of  the  ventricular  electrogram  and  that  of 
the  refractory  period  are  int«r-related,  and  that  the  former  may  be  taken, 
at  all  events  approximately,  as  a  measure  of  the  latter.*  Mines,  in  discussing 
the  length  of  the  refractory  period  in  its  relations  to  rate,  proceeded  to 
apply  further  tests,  which  seemed  to  demonstrate  that  the  refractory  period 
shortens  as  the  rate  is  raised.  These  tests  will  be  referred  to  again  at  a  later 
stage.  For  the  moment  it  is  suflScient  to  note  that  the  relation  of  rate  to 
refractory  period  has  been  demonstrated  in  the  frog's  ventricle. 

In  considering  the  bearing  wliich  length  of  the  refractory  period  may 
have  upon  flutter  and  allied  mechanisms  in  the  mammalian  auricle,  this 
demonstration  of  ilines'  upon  the  frogs  ventricle  is  inadequate.  We  have 
considered  it  desirable  to  test  the  relation  of  rate  to  refractory  period  in  the 
muscle  concerned,  namely,  the  mammalian  auricle,  and  to  place  it,  so  far  as 
possible,  upon  a  quantitive  basis.  For  this  purpose  we  have  used  direct 
measurement. t 

*  -According  to  Lucas*  a  second  response  of  cardiac  muscle  does  not  occur  until  the 
electrogram  of  the  first  has  subsided.  Tliat  this  is  not  always  the  case  is  shown  by  Samojloffs 
cur\-es,  and  notably  by  those  of  Trendelenburg.'^  The  relation  between  the  end  of  the  electro- 
gram and  the  end  of  the  refractory  period  is  not  yet  precisely  known.  It  is  not  known  if  such 
relation  has  an  adequate  degree  of  precision  ;  such  obser%'atiorLS  as  we  can  consiJt  suggest  the 
contrary.  It  is  probable  that  the  relation  varies  a  good  deal  in  different  circumstances,  for 
instance,  with  the  strength  of  stimulus  (SamojloS)  and  with  the  rate  of  heart  beat. 

+  To  measure  the  length  of  the  auricular  electric  complex,  and  to  use  this  measurement  in 
calculating  the  length  of  the  refractory  period  of  the  auricular  muscle  beatii^  at  different  rates 
has  not  appealed  to  us.     Such  a  method,  even  if  feasible,  seems  to  us  too  indirect  i 
with  too  many  chances  of  gross  error.      .Actually  we  belie' 
the  case  of  the  mammalian  auricle. 
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Direct  mea<iiirement.  These  measurements  have  been  carried  out  bj' 
the  method  aheady  described.  In  all  our  observations,  which  are  given  in 
Tables  II  and  III,  the  heart  has  been  fully  atropinised  to  avoid  any  reduction 
of  the  refractory  period  consequent  upon  local  stimulation  of  the  vagus  nerve 
endings.  The  lowest  rate  tested  has  been  of  necessit}'  in  excess  of  the 
spontaneous  rate  prevailing  in  tlie  heart  in  the  circumstances  of  each 
experiment.* 

The  refractory  periods  as  estimated  from  these  tables  are  summed  up 
in  two  diagrams  {Figs.  2  and  3).  As  the  auricular  rate  rises  from  between 
120  and  200  to  higher  levels,  the  measured  refractory  period  falls  in  value. 
At  a  rate  of  100  it  has  an  approximate  value  of  0-2  of  a  second  ;t  at  rates  of 
130  and  140  the  value  is  approximately  015  or  017  ;  as  the  rate  rises  higher 
the  period  falls  further,  until  usuaUj'  at  about  290  per  minute  it  lies  between 
008  and  Oil  of  a  second.  This  range  of  rates  covers  the  first  phase  of  the 
reaction.  J  In  the  second  ylmse  of  the  reaction,  which  Kes  usually  from  about 
290  onwards,  the  decline  in  the  measured  value  of  the  refractorj^  period 
ceases  ;  the  curve  tends  to  become  flat,  or,  as  is  more  customar}',  it  actually 
rises.  During  tliis  second  phase  also  the  values  become  often  irregular. 
The  second  phase  ends  at  variable  rates,  usuallj-  between  380  and  450  per 
minute. 

In  the  third  phase  of  advanced  rate  the  heart  fails  to  react  to  many  of 
the  impulses  which  reach  it.  At  first  an  occasional  response  is  missed  ;  at 
a  very  sUghtly  liigher  rate,  a  curious  phasic  disturbance  becomes  estabUshed, 
constituted  by  alternating  periods  of  1  :  1  and  2  :  1  response.  The  2  :  1 
respon.se  becomes  permanenth'  established  if  the  rate  is  again  advanced  by 
some  20  or  30  beats  per  minute  ;  permanent  2  :  1  response  is  usually 
estabhshed  at  rates  of  from  about  400  to  480  per  minute.  The  meaning  of 
tlus  2  :  1  respon.se  is  not  in  doubt  ;  as  the  rate  of  stimulation  is  advanced 
the  refractory  period  shortens,  but  it  shortens  less  than  does  the  length 
of  the  cycle  ;  consequently  the  period  of  responsiveness  diminishes. 
This  gap  of  responsiveness  becomes  less  and  less  until  it  vanishes 
altogether  ;  when  this  happens  the  auricle  fails  to  respond  to  alternate 
shocks.  This  phenomenon  of  half-response  is  well  known,  and  has  been 
described  in  some  detail  by  Mines  ;  but  the  events  wliich  lead  up  to  it  have 
received  insufficient  attention,  and  the  phenomena  do  not  appear  to  be  quite 
the  same,  or  to  be  related  to  equivalent  ranges  of  rate,  in  the  frog  and 
mammals.  The  events  which  lead  up  to  2  :  1  response  have  been  studied  by 
us  in  detail,  as  they  seem  to  possess  a  fundamental  bearing  upon  the  problem 

*  These  circumstances  are  such  that  tlie  rates  are  high,  liigher  than  those  prevailing  in 
unanivsthetised  dogs  at  rest  ;  but  this  is  for  the  most  part  immaterial  in  that  it  is  particularly 
in  relation  to  liigh  rates  of  beating  that  knowledge  of  the  refractory  period  is  required  in  studj-ing 
flutter. 

t  A  single  observation,  not  included  in  the  tables.  Rates  as  low  as  100  are  rarely  displayed 
by  the  atropinised  heart. 

1  Tlie  rate  290  is  a  mean  critical  value,  sometimes  the  critical  rate  is  lower,  sometimes  liigher. 
Variations  from  animal  to  animal  render  precise  references  to  rate  difficult. 
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Dog  M  I. 


Refractory  period  related  to  heart  rate  in  atropiniaed  auricle. 
{  Tested  by  means  of  break  shocks.) 


Auricular  \ 

rate  j 

Length  of  ^ 

cycle  ) 

Traiiamission  \ 

intervals  ) 


Absolute  R.P. 


0147      , 

Transient 

GUI      i 

2:1 

0131 

0-128 

0127 

0-167 

01 24 

0-164 

01^3 

0-158 

0  122 

0-155 

0-281 

0118 

0139 

0-251 

0-117 

0  136 

0-216 

0-197 

0113 

0132 

0-202 

0-191 

0-177 

O-Ull 

0-194 

0-167 

II1U9 

U120 

0191 

0-171 

0156 

0108 

0119 

0-185 

0-171 

0-156 

0-UK) 

0-119 

0-180 

0-170 

0-153 

0097 

0-113 

0-164 

0-169 

0-143 

0-093 

0111 

0-161 

0-168 

0140 

0092 

0-108 

0-158 

0-152 

0138 

0092 

0107 

0-156 

0149 

0-137 

0091 

0-104 

0148 
013j 
0132 
0123 
0103 
0098 
0094 
0086 


0149 
0146 
0139 
0134 
0120 
0109 
0107 


0122 
0120 

0112 
0109 
0109 
0101 
0101 
0088 


0089 
0080 

0075 
0074 
0062 
0061 


0087 
0  080 

GOTO 
0  064 
0056 
0049 


Dog  Mi 


Auricular  I 

rat«  I 

Length  of  V 

cycle  / 


320  32S  350  4iio 

(v.sl.irreg.)      (irreg.)     I     (irreg.) 

018-  0183  0171  0150 


Transient 

2:  1 
response 


2:  1 

response 


0-177 

0164 

0-143 

0-158 

0-151 

0140 

0172 

0-152 

0-142 

0-166 

0138 

0168 

0-144 

0-139 

0-166    ; 

0-131 

0-155 

0142 

0125 

0132      1 

0130 

0-153 

0-135 

11121 

0-130 

0-126 

Absolute  R.P. — 


0-189 
0180 
0174 
0170 


0133 
0131 
0107 

0134 
0126 
0108 

0116 
0113 
0111 
0107 

0123 
0099 

0114 
0111 

0100 
0098 

0140 
0140 
0140 
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of  circus  movements  in  the  auricle.  The 
the  reaction  are  summed  up  in  Table  IV, 
described,  are  also  incorporated. 


iation   of  the   tliree  pha.ses  of 
which    other  features,  to  be 


1st  phase. 
(Rate  up   to   290.) 


R.P.  gradually  reducing.  Mea 
siu-ed  R.P.  sharply  defined, 
i.e.  constant  from  cycle  to 
cycle. 


2nd  phase. 
(Rates   of   290   up    to 
or  450.) 


R.P.  steady  or  rising.  Mea- 
sured R.P.  irregular  from 
cycle  to  cycle.  Intrinsic 
deflections  at  first  alterna- 
ting and  later  irregular  in 
amplitude  and  spacing. 

Transmission     intervals 
lengthened  and  irregular. 


3rd  phase. 

(Rates  of  380  to  480  and 

over. ) 


R.P.  occasionally  or  constantly 
longer  than  the  inter-stim- 
ulus distance.  Occasional 
missed  response,  transient 
2  :  1  response  and,  finally, 
persistent  2  :  1   response. 


In  three  instances  we  have  measured  the  refractory  period  during  the 
stage  of  persistent  2  :  1  response.  We  find  that  its  length  slightlj'  exceeds 
the  length  of  the  inter-stimulus  interval,  as  had  been  pre^ously  surmised. 
The  overlap  is  trifling,  amounting  usually  to  less  than  00 1  of  a  second. 
These  observations  are  included  in  our  tables,  and  may  be  summarised  as 
follows  : — 


Dog          

LY. 

LZ. 

MB. 

Rate  of  stimulation 

484 

388 

428 

Rate  of  response            

242 

194 

214 

Length  of  inter-stimulus  interval  (in  .sec.) 

0124 

0155 

0140 

Length  of  refractory  period 

0124 

between  01 55 
and  0-168 

0142 

.Approximate  lengtli  of  R.P.  at  half  the  rate  of  stimulation  .  . 

0098 

0138 

0139 

The  value  found  for  the  refractory  period  in  the  stage  of  persistent  2  :  1 
response  does  not  depart  very  greatly  from  that  found  in  the  same  auricles 
when  the  rate  of  stimulation  is  halved.*  These  observations  show  that  the 
length  of  the  inter-stimulus  interval,  when  the  muscle  has  just  entered  the 
phase  of  ■persistent  2  :  I  response,  is  an  approximate  measure  of  the  refractory 
period  of  the  muscle  beating  at  the  half  rate. 


attributable 
period 


In  the  ca.«e  of  dog  LY  this  correspondence  is  not  close  ;  such  di.screpancies  are  probably 
utable  to  the  considerable  lapse  of  time  between  the  two  observations  upon  the  refractory 
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Mines  concluded  that,  if  the  rate  of  tftimulation  is  gradually  raised, 
until  a  response  is  first  missed,  the  inter-stimulus  interval  measures  the 
refractory  period  of  the  muscle  beating  at  the  full  rate.  That  may  be  so 
for  the  frog's  ventricle,  but  it  does  not  hold  for  the  dog's  auricle.  Readings 
so  obtained  are  much  too  high.  To  emphasise  this  fact  we  tabulate  the 
lengths  of  the  inter-stimulus  interval,  at  rates  of  stimulation  at  which 
transient  2  :  1  response  first  prevailed,  and  compare  these  with  the  refractory 
periods  as  measured  while  the  heart  responded  to  stimulation  at  approxi- 
mately half  the.se  rates.  If  the  relation  expressed  by  Mines  were  to  hold, 
the  last  values  should  be  considerably  higher  than  the  first,  for  the  lengths 
of  the  inter-stimulus  intervals  should  approximate  to  the  refractory  jjeriod 
for  the  fidl  and  not  the  half  rate  of  stimulation  ;  actually  they  are  in  all 
instances  lower  (Table  VI).      The  lack  of  the  relation  expected  by    Mines 


TABLE 

VI. 

Dog          

LX. 

LY. 

L/.. 

M  C. 

MB. 

M  I. 

Transient   2:  1   response 
Rate  of  stimulation 

450 

444 

334 

420 

400 

278 

Inter-stimulu.s  interval. . 

Half  rate  of  stimulation 
Rate  of  stimulation 

0138 
225 

0135 

222 

0179 

168 

0143 

210 

0150 

2111) 

0216 

13'.1 

.Approx.  R.P. 

0115     . 

0102^ 

0150 

0128— 

0143 

0150 

brings  us  to  discuss  a  peculiar  feature  of  the  curve  of  refractory  period  in 
the  mammalian  auricle,  namely,  the  rise  in  its  apparent  value  at  advanced 
rates  of  stimulation.  This  apparent  rise  of  the  refractory  period  begins  at  a 
rate  of  about  290  to  310  per  minute  in  the  atropinised  auricle.  It  is  closely 
associated  with  three  other  events  :  (a)  Frequent  overla^js  in  the  •response" 
and  no  •response''  readings,  from  which  the  refractory  period  is  gauged. 
(b)  Variation  in  the  ampUtude,  form  and  incidence  of  the  intrinsic  deflec- 
tions, which  correspond  to  the  rhj-thmic  responses.  (c)  A  reduced  rate 
of  conduction  in  the  auricular  wall. 

(a)  Overlap  of  readings.  These  overlaps  are  shown  in  Tables  II  and  III, 
and  have  been  discussed  briefly  at  an  earUer  stage.  It  is  to  be  emphasised 
that  they  are  independent  of  the  strength  of  stimulation,  as  our  tables  clearly 
show  ;  it  is  also  to  be  repeated  that  they  are  not  the  residt  of  gradual  change 
of  the  refractory  period  during  the  course  of  observation.  Overlaps  are 
frequently  to  be  found  within  a  few  cycles  of  each  other.  They  express 
change  in  the  length  of  the  effective  refractory  period  from  cycle  to  cycle. 
We  shall  term  that  period  of  the  cycle  over  which  these  overlaps  are  to  be 
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ciicomikTi'd,  the  partialli/  rejmclory  period,  and  the  phenomenon  which 
underHes  it,  the  state  of  partial  refractoriness*  The  partially  refractory 
period  is  found  only  at  high  rates  of  response.  With  solitary  exceptions 
there  arc  no  overla])s|  in  the  atropinised  auricle  beating  at  rates  of  230  or 
240  per  minute  and  under.  They  appear  between  these  rates  and  the  rate 
of  290  and  continue  to  be  seen  as  the  rate  is  further  advanced  up  to  the  point 
where  responses  fail.  Thus  the  range  of  rate  over  which  these  overlaps 
occur  is  very  similar  to  the  range  over  which  the  apparent  refractory 
period  rises. 

(h)  Vnrialion  in  the  elect ro(j ram.  In  a  previous  article^  of  this  series, 
the  variations  in  the  form,  amphtude  and  incidence  of  the  intrinsic  deflections 
displayed  in  the  electrogram  of  the  auricle,  while  the  latter  responds  to  high 
rates  of  stimulation,  have  been  fully  discussed.  The  tables  of  conduction 
rate  there  published  show  that  these  variations  begin  to  appear  at  rates  of 
312,  373,  336,  361,  372,  362  and  450  per  minute.  These  tables  were  compiled 
from  the  unatroiiinised  auricle,  and  the  rates  of  stimulation,  necessary  to 
produce  variations  in  the  curves,  are  in  these  circumstances  somewhat 
higher.  In  the  atropinised  auricle  variation  is  first  .seen  at  rates  of  290,  242, 
290,  395  and  320  (see  Tables  II  and  III).  It  continues  to  be  seen  as  the 
rate  of  stimulation  is  advanced  up  to  the  point  where  half-response  occurs. 

((■)  Reduced  conduction  rate.  In  the  previous  article  to  which  we  have 
referred,  the  association  between  variations  in  the  form,  etc.,  of  the  intrinsic 
deflections  and  apparent  decline  in  the  conduction  rates  of  the  muscle, 
was  pointed  out  ;  the  tables  then  pubUshed  show  the  association  to  be  an 
intimate  one.  8o  intimate  is  it  that  the  appearance  of  irregular  electro- 
grams at  a  particular  rate  of  response  is,  in  our  experience,  an  almost 
certain  indication  that  raised  transmission  intervals  may  be  demonstrated 
at  this  rate  of  response.  We  base  this  statement  upon  a  large  general 
experience  of  such  curves  both  in  the  atropinised  and  unatropinised  auricle.  J 
The  rise  in  the  transmission  intervals  is  maintained  and  increases  up  to  the 
point  where  responses  to  stimulation  are  missed. 

To  sum  up,  there  is  a  phase  of  the  curve  of  rising  rate,  in  the 
atropinised  auricle  lying  approximately  between  the  lower  values  250  or  290, 
and  the   higher  values   400   to  450,   during   which   four  closely    associated 


*  In  distinction  to  the  term  relalive.  rejracloriness  which  is  used  to  designate  that  short  period 
following  the  enil  of  the  absolute  refractory  period  in  the  frog's  heart  (and  also  in  somatic  muscle), 
during  which  "  response  "  or  "  no  response  "  is  governed  by  the  strength  of  stimulation  (Lucas, 
Adi-ian). 

t  Other  than  those  slight  overlaps  which  may  be  ascribed  to  error  in  measurement  or  slight 
changes  in  the  absolute  refractory  period  during  the  period  of  observation 

J  We  are  able  to  indicate  in  an  approximate  manner  the  transmission  intervals  corresponding 
to  the  various  auricular  rates  in  Tables  II  and  III.  Tliese  intervals  are  the  intervals  between 
stimulus  and  intrinsic  deflection,  the  point  of  stimulation  and  contact  signalling  the  arrival  of 
the  excitation  lying  separated  by  from  15-20  millimetres  in  different  experiments.  The  intervals 
include  the  interval  of  latency,  however. 

There  are  occasional  exceptions  to  the  statement,  namely,  at  the  earliest  appearance  of 
irregiJarity  ;  conduction  cannot  always  be  shown  to  be  depressed  at  such  times,  though  it  is 
almost  certainly  present. 
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Fig.   2.      A  chart   showing  the  relation   lietween  the  ahsolut*  refractory  period  of  the  auricle 
and  its  rate  of  heating  in  five  dogs. 
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plienouuMia  are  witnessed,*  namely,  a  rise  in  the  apparent  value  of  the 
absolute  refractory  period,  the  appearance  of  partial  refractoriness 
irregularity  of  the  electrogram  recording  rhythmic  responses,  and  an  apparent 
decline  of  conduction  rate.  These  four  phenomena  require  a  common 
explanation. 

In  a  previous  article  of  this  series^  variation  in  the  electrogram  and  the 
increased  and  variable  transmission  intervals  with  which  they  consort  were 
explained  on  the  common  basis  of  conduction  disturbance,  but  at  the  time 
when  that  article  was  written  the  underhang  factor  in  this  apparent 
disturbance  of  conduction  was  not  clear.  The  view  favoured  was  that  at 
liigh  rates  of  stimulation  small  barriers  to  the  progress  of  excitation  waves 
through  the  auricular  tissue  became  established,  that  these  deflect  the 
excitation  wave  and  render  its  course  sinuous,  whereby  the  transmission 
intervals  are  prolonged.  This  view  has  been  abundantly  confirmed  by  our 
present  observations,  and  we  are  now  in  a  position  to  take  the  further  step 
and  to  state  that  these  barriers  are  constituted  by  muscle  in  which 
responsiveness  is  still  incompletely  recovered.  We  adopt  the  current 
conception  of  alternation,  namely,  alternate  response  or  no  response  of 
individual  muscle  fibres  of  the  heart,  and  agree  with  Mines,  that  occurring 
at  high  heart  rates  alternation  of  the  fibres  may  be  brought  about  by 
variation  in  the  length  of  the  refractory  periods  of  these  fibres  ;  that,  in  the 
fibre,  alternation  is  comparable  to  the  state  of  2  :  1  response  in  the  muscle 
as  a  whole.  Now  alternation  is  the  first  form  of  irregularity  exhibited 
by  the  electrogram  as  the  rate  is  raised,  but  it  soon  gives  place,  as  the 
rate  is  further  raised,  to  more  complex  disturbances,  which  are  to  be 
assigned  to  similar  causes.  These  disturbances  shortly  lead  up  to  missed 
responses  of  the  muscle  as  a  whole.  Let  us  suppose,  then,  that  the  first  change 
which  comes,  as  the  rate  advances,  consists  of  alternating  response  of  a 
percentage  of  the  fibres.  With  each  rhythmic  shock  a  small  proportion  of 
the  fibres  fails  to  respond  ;  these  fibres  respond  to  alternate  shocks  and 
beating  at  the  half  rate,  their  refractory  periods  are  increased  over  those 
of  the  fibres  which  exhibit  1  :  1  response.  The  refractory  period  in  a  bundle 
of  auricular  fibres  is  no  longer  coterminous  or  nearly  coterminous  :  the 
absolutely  refractory  may  remain  undisturbed,  but  to  it  must  be  added  a 
period  of  partial  refractoriness  during  which  only  a  percentage  of  fibres  can 
respond.  If  the  percentage  is  a  low  one,  this  state  of  partial  refractoriness 
will  not  display  itself  in  measurements  of  the  refractory  period,  since  for 
every  refractory  fibre  which  the  shock  reaches  there  will  be  several  or  many 
respon.sive  fibres,  and  these  will  }ield  response.  But  as  more  fibres  enter  the 
state  of  alternation  the  chances  of  obvious  response  during  the  period  of 
partial  refractoriness  will  diminish,  until,  eventually,  shocks  falling  in  this 


*  In  the  preceding  paragraphs  figures  for  dogs  f//  and  MI  have  been  neglotteil  ;  they  ar« 
exceptional  in  that  the  scale  of  rates  is  lower.  Similar  associations  are  to  he  noted  in  the  tabulated 
statement  of  these  observations  and,  occurring  at  lower  rates,  emphasise  all  the  more  tlie  close 
inter-relation  of  the  phenomena  discussed. 
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period  will  _\-ield  now  a  response  and  now  none.  In  this  manner  we  account 
for  gross  overlapping  of  the  readings  in  our  tables.  The  curve  of  absolutely 
refractory  period  is  drawn  in  Fig.  4,  and  the  vertical  black  bars  represent 
this  refractory  period  at  different  heart  rates.  The  latter  are  represented 
as  ending  sharply  and  uniformly  up  to  rates  of  250  per  minute.  From  the 
rate  of  2!»()  upwards  a  state  of  partial  refractoriness  is  added  and  is  represented 
by  extending  the  length  of  the  refractory  period  of  certain  fibres  ;  they  are  ex- 
tended upwards  to  a  distance  equivalent  to  the  length  of  the  refractory  period 
at  the  corresponding  half  rate.  As  the  rate  increases,  this  upward  extension 
is  represented  as  becoming  denser  and  approaching  more  and  more  closely  the 
curve  of  the  length  of  the  cycles,  until  a  rate  is  reached  (450)  when  the  Hne 
of  relatively  dense  partial  refractoriness  meets  the  curve  of  the  length  of 
cycle.  In  other  words,  at  this  rate,  the  rhjiihmic  shocks  are  entering  muscle 
which  is  only  very  partially  responsive.  From  the  data  of  Tables  II  and  III 
we  are  not  justified  in  drawing  these  extensions  higher,  though  we  believe 
that  the  descending  curve  of  cycle  length  is  encountered  at  an  earlier  stage 
than  is  indicated  in  our  diagram,  and  very  possibly  at  the  time  when  fibres 
first  begin  to  alternate.  We  lack  direct  evidence  that  the  refractory  period 
is  coterminous  or  otherwise  in  all  the  fibres  at  rates  below  290.  If  the 
refractor}'  period  has  a  variable  duration*  at  relatively  lower  heart  rates, 
and  we  see  no  reason  to  believe  that  this  may  not  be  the  actual  case,  then  the 
two  curves  would  meet  when  fibre  alternation  begins  and  would  overlap 
from  this  stage  onwards.  That  they  begin  to  overlap  at  the  rate  450  is 
beyond  question  ;  that  the  first  overlap  comes  earUer,  and  that  at  the  rate 
450  the  overlap  is  a  dense  one,  seems  to  us  highly  probable.  It  is,  in  fact, 
the  h^'pothesis  which  we  adopt,  and  we  adopt  it  because  it  fuUy  explains 
many  of  the  phenomena  which  occur  over  the  range  of  high  rates.  The 
existence  of  the  partial  refractory  period  is  in  no  doubt ;  that  it  results  from 
fibre  alternation  is  consistent  with  the  irregularity  of  the  electrogram  and 
with  the  overlapping  readings  of  our  tables  ;  it  also  explains  why  2  :  1  response 
first  appears  before  it  is  expected.  This  2  :  1  response  is  expected  where 
the  approaching  curves  of  absolute  refractory  period  and  length  of  cycle 
are  anticipated  to  meet :  actually  the  2  :  1  response  comes  much  earlier  than 
this  anticipated  point.  The  hj'pothesis  explains  why  the  curve  of 
declining  refractory  period,  as  measured,  becomes  irregular  and  often 
ascends  after  rates  of  290  are  passed  (see  Fig.  4).  Our  hypothesis  that  the 
gap  between  the  end  of  the  absolute  refractory  period  and  the  next  stimulus 
is  bridged  completely  by  the  partially  refractory  state  at  this  rate,  and  those 
wliich  exceed  it.  rests  on  further  evidence. f  The  chief  evidence  is  that  of 
increased  transmission  intervals.  At  the  rate  290  and  sometimes  before 
that  rate  is  reached  transmission  rates  in  the  auricle  have  decUned.     We 


•  Not  as  a  result  of  alternation,  but  as  a  result  of  idiosyncraciea  of  the  fibres. 

t  The  interval  left  between  the  end  of  the  partially  refractory  period  in  our  diagram  and  the 
oncoming  stimulus  is  actually  but  a  small  one  (i.e.,  003  of  a  second,  diminishing  to  zero) ;  if  our 
data  are  reUable  it  is  necessary  to  assume  the  original  variation  in  the  length  of  fibre  refractory 
period  to  amount  to  about  1  j  per  cent,  if  the  gap  is  to  to  bridged  at  a  rate^of  390. 
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shall  bring  forwcard  what  we  regard  as  conclusive  evidence  that  this  decUne 
is  conditioned  by  the  length  of  the  partially  refractory  period  a  little  later. 
For  the  moment  it  wiU  facilitate  argument  if  we  assume  our  hypothesis  ; 
namely,  that  universal  responsiveness  of  the  fibres  is  lost  at  the  rate  of  290 
or  somewhat  earlier.  We  shall  assume  for  the  moment  that  rhythmic 
impulses  always  enter  partially  refractory  muscle  when  the  rate  exceeds  290 
or  thereabout.  Entering  muscle  in  this  concUtion,  all  channels  of  passage 
are  not  open  to  the  resultant  excitation  wave  and,  as  the  overlap  becomes 
denser  so  the  wave  is  deviated  upon  more  and  more  sinuous  courses  ;  these 
deviations  prolong  its  journey  from  point  to  point,  and  this  raises  the  lengths 
of  the  transmission  intervals.  Thus,  our  hypothesis  in  its  full  form  hangs 
cliiefly  upon  our  abihty  to  demonstrate  that  the  phenomena  of  alternation, 
more  complex  irregularity,  and  increased  transmission  intervals,  are  brought 
about  by  the  maximal  lengths  of  the  refractory  periods,  and  that  the  prolonged 
intervals  and  accompanying  phenomena  do  not  result  from  depressed 
conduction,  using  this  word  in  the  sense  of  fibre  conduction.  With  this 
demonstration  we  now  proceed. 

The  effect  of  (he  vagus  u])on  the  rate  at  which  excitation  waves  are  transmitted 
throiigh  the  auricular  muscle* 

W^orking  in  conjunction  with  Meakins  and  White,*  some  years  ago,  one 
of  us  investigated  this  question.  The  right  and  left  appendix  was 
investigated  and  also  the  taenia  terminaUs  in  its  length.  Both  vagi  were 
tested.  These  observations  seemed  to  warrant  the  conclusion  that  vagal 
stimulation  does  not  alter  the  rate  at  which  the  natural  excitation  waves 
are  transmitted  through  the  auricular  muscle.  They  were  necessarily 
complicated  by  lesser  or  greater  changes  in  the  rate  of  the  auricular  beat 
concurrent  with  the  rise  of  vagal  tone,  though  it  seemed  clear  that  this  change 
in  rate  was  often  insufficient  to  invahdate  our  conclusion. 

The  possible  effect  of  vagal  stimulation  upon  the  rate  of  transmission 
through  the  heart,  and  the  possible  production  of  block  in  the  auricular  walls, 
by  this  means,  have  so  direct  and  important  a  bearing  on  many  discussions 
relating  to  flutter  and  fibrillation  of  the  auricle  that  we  hesitated  to  rely 
entirely  uj^on  these  earlier  observations.  Therefore,  the  subject  has  been  re- 
investigated. The  procedure  adopted  has  been  that  described  in  an  earUer 
article  of  this  series.'  The  auricle  is  stimulated  by  means  of  rhythmic 
break  shocks  in  line  with  two  pairs  of  contacts  resting  on  the  muscle,  and 
the  interval  between  the  arrival  of  successive  excitation  waves  at  the  two 
pairs  of  contacts  is  measured.  The  method  presents  the  advantage  that, 
before  and  during  vagal  stimulation,  the  auricular  rate  is  maintained  at  a 
constant  level.     The  rate  of  stimulation  used  has  been  from  about  200  to 
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Fig.  4.  A  fliagram  illustrating  the  fall  in  the  duration  of  the  absolute  refractory  period  as  the 
rate  of  lieatinp:  increases,  and  the  relation  of  its  ending  to  the  end  of  the  auricular  cycle. 
To  illustrate  also  the  development  of  partial  refractoriness  and  its  relation  to  2  :  1  response. 


Fig.  5.  .A  diagram  of  the  refractory  period  of  the  auricle  when  the  muscle  is  responding  at  a 
rate  sufficiently  advanced  that  it  displays  a  partial  refractory  period  {P.R.).  A.  ii. ^absolute 
refractory  period. 
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300  per  minute,  and  our  results  are  given  in  Table  VII.  The  body  of  the 
right  auricle  has  been  investigated  in  seven  animals  ;  the  muscle  fibres 
uniting  the  body  of  the  auricle  to  the  muscle  of  the  superior  vena  cava 
have  been  tested  in  one  animal,  and  those  uniting  the  body  to  the  muscle 
of  the  inferior  cava  have  been  tested  in  two  animals.*  Vagal  stimulation 
has  been  sufficiently  strong  to  produce  a  high  grade  of  block  between  auricle 
and  ventricle,  and  thus  to  slow  the  ventricular  rate  profoundly.  Both 
vagi  have  again  been  tested,  though  chief  attention  has  been  devoted  to 
the  right  nerve.  Although  shght  differences  in  the  transmission  intervals 
before  and  during  vagal  stimulation  have  been  noticed,  these  differences 
have  not  amounted  to  more  than  one  or  at  the  most  two  thousandths  of  a 
second  ;  the  differences  occur  in  both  directions,  are  within  or  close  to  the 
margin  of  error, f  and  cannot  be  regarded  as  having  any  significance. 

When  the  heart  is  driven  rhythmically  at  rates  of  about  200  to  300  per 
minute,  vagal  stimulation  has  no  effect  upon  the  rate  at  which  the  excitation 
waves  are  propagated  from  contact  to  contact  on  the  muscle,  whether  both 
these  contacts  lie  on  the  body  of  the  right  auricle  or  whether  one  Ues  on  the 
body  and  the  other  on  superior  or  inferior  vena  cava.  Taking  these 
observations  in  conjunction  with  those  previously  described,  we  have  no 
hesitation  in  concluding  that  conductivity  in  the  walls  of  the  right  auricle 
is  uninfluenced  by  the  vagus.  In  using  the  term  conductivity  we  use  it  in 
a  restricted  sense,  and  mean  the  rate  of  conduction  through  individual 
muscle  fibres. \ 

These  observations  upon  the  mammalian  heart  stand  in  apparent  contrast 
to  those  of  Gaskell  upon  the  tortoise  auricle.*  Gaskell  found  that  vagus 
stimulation  may  prevent  the  passage  of  waves  of  contraction  across  a  bridge 
of  muscle  in  the  wall  of  the  auricle,  and  interpreted  this  effect  as  a  lowering 
of  conduction  power.  Such  an  effect  does  not  occur  in  the  uninjured  dog's 
auricle,  and  if  we  accept  Gaskell's  experiments  as  convincing  on  the  one  hand,§ 
and  regard  the  dog's  auricle  as  sufficiently  representative  of  the  mammalian 
auricle  on  the  other,  it  would  seem  that  in  respect  of  conduction  there  is  a 
fundamental  difference  between  the  action  of  the  vagus  upon  the  reptiUan 
and  mammahan  auricular  muscle.  That  the  vagus  acts  upon  the  mammaUan 
auricular  muscle  is  clearly  shown  by  the  conspicuous  decrease  in  the  force 
with  which  it  contracts  while  the  nerve  is  being  stimulated  ;  the  apparent 


t  Minor  changes  from  tlieir  usual  form  are  not  infrequently  seen  in  the  intrinsic  deflections 
under  vagus  stimulation  ;  this  change  renders  comparative  measurements  a  little  less  exact 
than  they  otherwise  would  be. 

%  In  an  earlier  article'  the  term  "  rate  of  conduction  "  has  been  vised  in  a  broad  sense, 
namely,  as  an  equivalent  for  the  rate  at  which  waves  are  transmitted  through  nwsses  oj  fibres.  Tlie 
distinction  to  which  we  now  draw  attention  wiU  be  dealt  with  more  fully  a  little  later,  and  its 
importance  will  then  become  more  apparent. 

§  We  feel  that  the  experiments  referred  to  should  be  repeated  on  the  undamaged  auricle 
of  the  tortoise  and  that  increased  transmission  intervals  under  vagal  stimulation  should  be 
observed,  before  it  is  finally  concluded  that  the  vagus  depresses  conductivity  in  the  intact 
tortoise  auricle. 
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difference  of  the  vagus  upon  conduction  would  be  qualitative  therefore  and 
not  quantitive.  We  suggest  that  the  difference,  if  it  really  exists,  may  have 
arisen  during  the  phylogenetic  development  of  the  tissue  ;  the  muscle  of  the 
cold  blooded-auricle  is  less  developed,  the  auricle  in  its  structure  approaches 
more  nearly  to  the  original  primitive  tube.  A  slowing  of  the  contraction 
wave  in  its  course  over  a  primitive  muscular  tube,  constituting  a  pump, 
would  have  obvious  advantages  when  that  pump  is  meeting  serious 
resistance  ;  a  similar  slowing  of  the  wave  over  the  highly  developed  auricle 
of  the  mammal  presents  no  obvious  advantage.  The  mammahan  auricle 
has  developed  so  that  the  wave  may  be  carried  quickly  to  all  parts  of  it,  and 
so  that  contraction  in  its  different  parts  may  be  almost  simultaneous. 
In  its  phylogenetic  development,  the  auricle  may  have  thrown  off 
this  element  of  vagal  control  which  is  no  longer  serviceable  to  its  work, 
while  it  has  remained  under  that  element  of  control,  namely,  control  over 
the  force  of  its  contraction,  which  still  exerts  a  useful  influence. 

TABLE   VIII. 

Vagus  on  transmission  intervals.      Auricle  responding  at  high  speeds. 


Dog. 

Muscle  investigated. 

Auricular 
rates. 

Transmission 
intervals  in  sec. 

Transi 
rate  in  m 

nission 
ra.  p.  sec. 

Control    R.vagus 

Control    R.vagus 

Control 

R.  vagus 

LF. 

Body  of  right  auricle 
(8  millimetres) 

380 
414 
443 

327 
371 

433 

'  00139 
00151       00127 
0-0163 
00208      00129 

630 
491 
385 

576 
630 

620 

LO. 

Body  of  right  auricle 
(SmiUimetres) 

351 

346 

0-0105      001 U 

762 

721 

Across  lower  taenia 
(16  millimetres) 

391 
422 

386* 
432* 

0-0232      00143 
00184      00128 

690 
869 

1,118 
1,250 

Variation  of  the  intrinsic  deflections  abolished. 


Our  experiments  also  show  how  important  it  is  that,  in  considering 
the  functions  of  the  vagus,  an  effect  upon  the  tissue  in  one  part  of  the  heart 
should  not  be  regarded  as  sufficient  evidence  of  a  similar  action  upon  tissue  in 
another  part.  The  vagus  exerts  a  powerful  influence  upon  the  tissue  uniting 
auricle  and  ventricle  ;  it  produces  block  of  high  grade  in  this  situation  ;  in 
the  wall  of  the  auricle  itself  it  has  no  such  effect.  The  fallacy  of  arguing 
from  the  first  situation  to  the  last  is  clearly  displayed. 

Effect  when  auricles  are  responding  to  high  rates  of  stimulation.  We 
have  seen  that  the  vagus  exerts  no  influence  upon  the  transmission  intervals 
when  the  auricle  is  responding  at  rates  up  to  300  per  minute  ;  it  is  upon 
this  observation  that  we  base  our  conclusion  that  the  vagus  has  no  control 
over  fibre  conduction  in  the  auricle. 

When  the  auricle  is  driven  at  higher  speeds,  namely,  from  300  or  350  per 
minute  and  upwards,  the  transmission  intervals  widen  out  in  response  to  these 
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rates  ;  sometimes  the  delay  in  transmission  from  point  to  point  is  displayed 
equally  in  successive  cycles  ;  more  frequently  it  is  unequal  from  cycle  to  cycle, 
not  iirfrequently  the  intervals  alternate  in  length  ;  it  is  the  average  interval 
which  is  raised  in  value.  We  have  discussed  the  meaning  of  these  widened 
intervals,  and  have  attributed  them,  not  to  depressed  fibre  conduction,  but 
to  the  sinuous  course  of  the  excitation  wave  in  its  progress  from  point  to  I 
point,  attributing  the  sinuosity  of  course  to  barriers  of  refractory  fibres  / 
wliich  deflect  the  waves  from  their  shortest  paths.  Now,  if  tiiis  explanation/ 
is  the  correct  one,  an}-  influence  such  as  vagal  stimulation,  which  will  lower; 
the  refractory  period  of  the  muscle,  should  remove  these  barriers,  andl 
raise  the  rate  at  wliich  excitation  waves  are  transmitted  from  poiritj 
to  point.  This  is  precisely  what  is  found  to  occur.  If  the  rate  of  stimulation 
is  driven  sufficiently  high  to  produce  lengthened  transmission  intervals, 
i.e.,  to  rates  of  300,  350  or  over  in  the  unatropinised  auricle,  then  the  factor 
which  is  responsible  for  delayed  transmission  in  these  circumstances  is 
removed  by  vagal  stimulation.  It  is  not  simply  a  cpiestion  of  the  liigh  rate 
of  stimulation  producing  one  change  and  the  vagus  producing  an  opposing 


TABLE   IX. 
'lUsion  intervals       Auricle  responding  at  high  speeds. 


Auricular 
ra- 

Stimulus   to 

Intrinsic  to 

intrinsic  interval 

intrinsic  interval 

Dog. 

Muscle  investigated. 

in 

iec. 

msec. 

Control 

E.  vagus 

Control 

K.  vagus 

Control 

R.  vagus 

MD. 

Body  of  rieht  auricle 

258 

258 

0-0070 

00074 

(8  millimetres) 

312 

312 

0-0062 

00066 

376 

375* 

00072 

0-0071 

:      382 

395* 

0-0068 

0-OOH5 

,      407 

404* 

0  0093 

0  0076 

!      422 

409t 

00104 

00070 

AJE. 

Bodv  of  right  auricle 

233 

230 

00454 

00459 

00110 

00104 

(8  millimetres) 

275 

267 

00441 

00463 

00114 

00136 

318 

311 

00441 

0-0444 

00116 

00111 

360t 

350 

00421 

00445 

00110 

0-0107 

MF. 

Bodv  of  right  auricle 

225 

225 

00326 

00319 

00070 

0-0076 

(8  inUlimetres) 

266 

262 

00317 

00298 

00077 

0-0074 

332 

323 

00277 

00282 

00083 

0-0081 

386 

390 

00274 

0-0263 

0-0091 

0-0090 

426 

426 

0-9289 

00246 

0-0110 

00099 

509 

510t 

00365 

00315 

00123 

00076 

MO. 

Body  of  right  auricle 

1      257 

00618 

00059 

(8  millimetres) 

■      500 

492* 

00701 

00636 

00213 

00061 

M  K. 

Rt.  appendix 

200 

00337 

00105 

(8  millimetres) 

422 

422t 

00445 

00343 

001005 

00099 

*  Variations  less. 

t  Variation  in  amplitude  of  intrinsic  deflections  abolished. 
X  Rate  driven  insufficiently  high  to  produce  slow  transmission. 

§  For  a  reason,  which  will  be  described  at  a  later  stage,  in  this  instance  the  stimulus 
intrinsic  interval  is  alone  increased. 
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change  ;  the  vagus  is  without  influence  until  the  prolongation  has  been 
induced.  As  the  only  known  action  of  the  vagus,  which  is  relevant,  consists 
in  a  reduction  of  the  refractory  period,  it  is  to  tliis  influence,  and  to  this 
only,  that  its  action  can  be  ascribed.  The  action  of  the  vagus  upon  the 
widened  transmission  intervals  in  the  auricle  is  oppo.site  in  direction  to  that 
which  it  exerts  at  the  A-  V  ring.f  A  tendency  for  the  vagus  to  reduce  the 
transmission  intervals  is  shown  in  several  instances  in  Table  VII  ;  it 
is  very  clearly  displayed  by  Table  VIII.  In  general,  the  higher  the  rate 
of  rhythmic  stimulation  the  more  conspicuous  is  the  reduction. 

Not  only  is  there  the  reduction,  but  if  vagal  stimulation  is  prolonged 
until  its  full  influence  is  exerted  on  the  auricle,  the  transmission  intervals 
can  be  shown  to  fall  to  those  which  prevail  when  the  same  auricle  is 
responding  to  lower  rates  of  rhythmic  stimulation.  In  support  of  this 
statement  we  publish  Table  IX,  in  which  the  intervals  at  high  and  low 
rates  of  response  are  compared. f  Whenever,  as  a  result  of  a  high  rate  of 
response,  the  intervals  are  increased,  vagal  stimulation  reduces  them 
to  their  original  levels.  This  observation  clearly  demonstrates  that 
widened  transmission  intervals  in  the  auricle,  responding  to  high  rates  of 
stimulation,  are  not  due  to  change  in  fibre  conduction  but  to  the  relation 
between  the  length  of  the  cj'cle  and  tlie  duration  of  the  refractory  period. 
Precisely  how  is  the  widened  transmission  interval  engendered  ?  At  high 
rates  of  stimulation  the  shocks  fall  during  the  partially  refractory  phases 
of  the  preceding  responses.  The  shocks  fall  upon  muscle  fibres,  some  of 
which  have  recovered,  some  of  which  have  not ;  the  former  respond,  and 
waves  of  excitation  are  propagated  ;  the  waves  are  propagated  along  courses 
upon  which  refractory  fibres  stand  ;  these  deflect  the  waves,  prolonging 
their  courses,  and  thus  delay  transmission  from  point  to  point.  The  higher 
the  rate  of  stimulation  the  more  numerous  will  the  refractory  fibres 
become  ;  the  more  numerous  the  refractory  fibres  the  more  sinuous  the 
course  of  the  waves  and  the  greater  the  delay.  The  more  mas-sed  are  the 
refractory  fibres  in  a  particular  locahty  the  greater  will  be  the  magnitude  of 
the  deviations  which  they  cause.  If  the  fibres  which  respond  are  concentrated 
for  the  most  part  in  one  series  of  cycles  and  those  wliich  fail  are  concen- 
trated for  the  most  part  in  the  alternate  series  of  cycles,  then  alternation  in 
the  length  of  the  transmission  intervals  will  follow.  If  the  concentration 
is  variable,  rather  than  alternating,  from  cycle  to  cycle,  the  length  of  the 
intervals  will  vary  rather  than  alternate.  Thus,  our  hypothesis  brings  us 
quickly  to  a  sufiicient  explanation  of  the  phenomena  actually  observed. 

*  The  degree  of  auriculo  ventricular  block  is  increased  by  vagal  stimulation. 

t  In  this  table  we  are  able  to  introduce  for  most  animals  not  only  the  transmission  interval 
between  proximal  and  distal  contacts  (inter-intrinsic  intervals)  but  also  the  time  intervals 
between  the  stimulus  and  intrinsic  deflection  of  the  proximal  contacts.  Tlie  last  interval  includes 
not  only  the  transmission  interval  between  point  stimulated  and  proximal  contact,  but  also 
such  interval  of  latency  of  response  aa  may  exist.  The  la.st  is  perhaps  a  defect,  hut  when  waves 
of  excitation  take  sinuous  courses,  the  stimulus  to  intrinsic  interval  sometimes  presents  a  distinct 
advantage,  to  which  we  shall  j'efer  at  a  later  stage. 
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Variations  in  the  amplitude  of  intrinsic  defleclions. 

The  observation  which  first  suggests  alternating  response  of  individual/ 
fibres  at  high  rates  of  stimulation  is  alternation  in  the  heights  of  the  intrinsic  ^ 
deflections,  which  would  thereby  be  explained  adequately.  This  phenomena, 
as  has  been  shown  in  a  previous  article,"  is  associated  with  alternation  in 
the  lengths  of  the  transmission  intervals.  This  simple  disturbance  rarely 
retains  purity  of  form  as  the  rate  is  raised  ;  it  passes  into  more  complex 
irregularities  of  amplitude,  and  when  this  change  comes  the  transmission 
intervals  show  similar  variation  from  cycle  to  cycle.  The  heights  of  the 
deflections  are  irregular,*  the  transmission  intervals  are  in  the  average 
raised.  Vagus  stimulation  not  only  reduces  the  average  interval  to  its 
original  value,  while  rendering  the  intervals  uniform,  but  it  abolishes  the 
irregularity  in  the  amplitude  of  intrinsic  deflections.  A  curve  which  shows 
conspicuous  alternation,  or  more  gross  variation  in  the  heights  of  its  deflec- 
tions, becomes  steady  under  the  influence  of  this  nerve.  Instances  of  this 
effect  are  not^d  in  Tables  VII,  VIII  and  IX.  In  Fig.  10  the  upper  record 
is  that  of  the  shocks  of  stimulation,  the  lower  record  is  an  electrogram  of  the 
auricular  response.  The  variation  in  the  heights  of  the  deflections  is  con- 
spicuous over  the  first  two  thirds  of  the  curve  ;  under  vagal  stimulation  it 
diminishes,  eventually  to  vanish  as  the  record  ends.  This  type  of  curve  is 
the  rule  ;  the  irregularity  ma}'  even  increase  a  little  at  first  ;  but  this  increase, 
if  it  occurs,  is  very  temporary  ;  when  the  vagus  influence  is  maintained  and 
allowed  to  exert  its  fiUl  power,  the  deflections,  usually  diminisliing  in  size, 
become  of  constant  ampUtude.  In  less  tj^jical  records  the  reaction  is  more 
sudden,  as  in  Fig.  11,  and  the  deflections  become  uniform  within  less  than 
a  second  of  the  onset  of  vagal  stimulation.  As  this  record  shows,  they  do 
not  always  decrease  in  height  (see  Fig.  10),  as  they  become  regular  in 
form  and  amplitude.  Slight  but  distinct  irregularities  in  the  incidence 
of  the  deflections  result  from  the  associated  variations  in  transmission 
intervals,  and  these  vanish  also  when  the  intervals  become  reduced  to 
uniformity  under  the  influence  of  the  vagus.  The  effect  of  vagal  stimulation 
upon  the  deflections  of  tlie  curve,  whereby  alternation  and  more  complex 
variation  is  abolished,  shows  again  that  these  are  brought  about  by  the 
relation  of  the  refractory  period  to  the  length  of  the  cycle.f 

In  the  fight  of  these  observations  we  conclude  that  the  first  appearance 
of  partial  refractoriness  is  due  to  '■  response  "  and  "  no  response  "  of  certain 

•  These  are  wholly  independent  of  respiration.  Our  records  have  been  taken  always  during 
suspended  respiration. 

+  Variation  in  the  amplitude  of  the  deflections  may  be  explained  in  one  or  two  ways.  Thiu, 
alternation  in  amplitude  may  be  anticipated  if  a  greater  number  of  fibres  become  excited  beneath 
the  recording  contacts  at  alternate  cycles.  It  would  also  be  explained  if  at  alternate  cycles  the 
contacts  were  struck  at  a  slightly  different  angle,  consequent  upon  deviation  of  alternate  waves 
from  the  straiu'ht  path.  No  doubt  tl\is  factor  sometimes  contributes,  but  the  shorter  stimtilus 
to  intrinsic  interval  does  not  always  correspond  to  the  highest  deflection,  as  would  be  expected 
were  this  the  only  factor  concerned  in  the  variation.  There  are  occasions  in  which  alter 
in  amplitude,  but  not  in  intervals,  is  seen,  and  vice  versa.        ' 
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fibres  to  alternate  shocks.  In  explaining  the  density  of  partial  refractoriness, 
however,  simple  alternation  may  not  suffice  perhaps.  The  process  is 
very  probably  more  complex. 

In  Fig.  5  a  fragment  of  auricular  tissue  is  supposed  to  con.sist  of  10  fibres 
a  to  j  and,  for  several  cycles  (1-4),  four  fibres  are  represented  as  alternating. 
Fibres  b  and  g  are  shown  as  responding  in  cycles  1  and  3  and  faihng  to 
respond,  owing  to  the  length  of  their  refractory  periods,  in  cycles  2  and  4. 
Similarly,  fibres  d  and  i  respond  in  cycles  2  and  4  and  fail  to  respond  in  cycle 
1  and  3.  In  a  theory  which  allows  no  more  than  simple  alternation,  this 
process,  once  established,  must  be  permanent,  and  further  change  can  come 
only  if  more  fibres  begin  to  alternate.  It  is  to  be  noted  that  even  in  the 
early  stage  diagrammatised,  some  fibres  become  responsive  very  shortlj' 
after  the  rhythmic  shock  reaches  them  ;  these  are  the  fibres  which  fail  to 
respond  to  the  shock,  being  already  in  the  refractor}'  state.  A  testing  shock, 
falfing  very  shortly  after  the  rhj'thmic  shock,  should  find  these  fibres 
responsive.  It  may  be  asked  why  evidence  of  such  response  is  not  obtained, 
and  whj'  the  end  of  the  absolute  refractory  period  is  measured  at  a  time 
when  the  bulk  of  fibres  are  thought  to  become  responsive  ?  A  record  is  not 
to  be  expected  from  the  response  of  single  fibres,  buried  in  a  mass  of  refractory 
fibres,  since  no  excitation  wave  would  propagate  itself  to  the  recording 
contacts.  But  if  it  were  supposed  that  the  number  of  alternating  fibres 
increased  until,  at  certain  cycles,  half  failed  to  respond  and  shortly  became 
again  responsive,  then  occasional  evidence  of  response  to  very  earlj-  testing 
shocks  would  seem  inevitable.  Yet  it  does  not  occur.  For  this  and  other 
reasons,  simple  alternation  appears  inadequate  as  an  explanation.  It  is  to 
be  remembered  that  we  are  dealing  with,  a  sj'ncj-tium  of  muscle  fibi-es,  and 
that  such  a  network  as  exists  provides  many  channels  of  re-entry.  If  certain 
fibres,  which  do  not  respond  to  the  rhythmic  shock,  become  responsive  at  a 
very  slightly  later  interval  these  are  surrounded  and  joined  to  fibres  which  do 
respond  and  through  wliich  excitation  waves  are  carried.  It  seems  possible,  if 
not  probable,  that  the  fibres,  which  become  responsive  soon  after  the  shock 
enters  the  muscle,  may  respond,  not  to  the  shock,  but  to  excitation  waves 
entering  a  httle  later  from  adjoining  fibres.  This  is  diagrammatically  repre- 
sented in  cycle  -5  of  the  same  figure.  Allow  that  the  two  factors  come  into 
play,  namely,  fibre  alternation  on  the  one  hand  and  re-entry  from  neighbour- 
ing fibres  on  the  other,  and  a  condition  will  be  brought  about,  compatible,  so 
it  seems  to  us,  with  all  the  phenomena  with  which  we  are  deahng.  The  end  of 
the  refractory  ^Deriod  in  the  muscle  fragment  as  a  whole  will  lack  uniformity. 
For  a  considerable  period  all  the  fibres  will  be  refractory,  the  absolute 
refractory  period  being  represented  by  the  period  marked  AR  in  the 
diagram  ;  succeeding  this  will  come  a  period  of  partial  refractoriness  (PR) 
of  variable  density,  and  lasting  up  to  the  next  shock.  At  the  actual  time  of 
the  shock  this  density  will  not  be  so  great  that  the  muscle  \\-ill  fail  to  respond, 
but  in  its  early  phases  it  may  be  sufficiently  dense  to  give  no  response.  In 
such  circumstances  the  me'asure  of  the  absolute  refractory  period  for  that 


FLUTTER     AND    FIBRILLATION.  HI 

cycle  will  be  prolonged.  But  the  grouping  from  cycle  to  cycle  will  vary, 
and  testing  shocks  falling  at  the  same  phase  of  different  cycles  will  jield 
contrary  repUes.  Thus  we  explain  the  overlaps  in  the  readings  of  our 
tables  (Tables  II  and  III).  We  desire  to  lay  no  emphasis  upon  the  detailed 
construction  of  this  diagram,  realising  that  such  diagrams  often  tend  to 
convey  more  than  is  intended.  It  serves  as  an  illustration,  and  maj'  help  to 
convey  an  idea  of  our  conception.  .Some  such  explanation  seems  to  us  to  be 
necessary  to  explain  the  curious  reactions  of  the  auricle  responding  to  high 
rates  of  stimulation.  Further  light  is  thrown  upon  the  condition  of  the 
muscle  by  studying  in  detail  the  transition  from  1  :  1  to  2  :  1  and  from  2  :  1 
to  1  :  1  response  in  the  auricle  as  a  whole. 


Triithsilioii  from  1  :  ]  lo  2  :  1  re.iponse. 

It  has  been  stated  that  when  the  rate  of  stimulation  is  sufficiently 
raised  the  auricle  eventually  fails  to  respond.  In  the  mammalian  auricle 
this  happens  at  much  the  same  rate,  whether  the  rate  is  raised  gradually 
or  in  steps.  The  first  sign  is  failure  to  respond  to  a  single  shock,  and  it  is  a 
failure  of  the  whole  auricle  to  respond.*  If  the  rate  of  stimulation,  at  which 
the  first  response  is  missed,  is  maintained,  the  auricle  continues  to  respond 
to  most  of  the  shocks,  but  fails  occasionally.  There  is  no  abrupt  passage  from 
continued  1  :  1  to  continued  2  :  1  response.  As  the  rate  is  raised  further 
the  2  :  1  responses  become  more  frequent,  but  they  are  intimately  mixed 
with  1  :  1  responses  only  on  rare  occasions  ;  the  character  of  response  almost 
always  becomes  phasic  (see  Fig.  12),  short  periods  of  I  :  1  and  2  :  1  response 
alternating.  If  the  rate  is  higher,  the  2  :  1  peiiods  are  the  longer  ;  if  the  rate 
is  lower,  the  1  :  1  periods  are  the  longer.  If  the  rate  is  maintained,  this 
phasic  change  from  1  :  1  to  2  :  1  response  and  back  again  is  maintained  for 
long  periods.  Now,  if  we  regard  the  refractory  periods  as  coterminous 
in  all  the  fibres  of  the  muscle  stimulated,  these  events  could  not  occur. 
The  response  of  the  muscle  which  succeeds  the  first  missed  response  has,  by 
virtue  of  the  greater  period  of  rest  preceding  it,  a  longer  refractory  period. | 
It  would  "be  anticipated  that  this  lengthening  of  the  refractory  period  would 

•  We  have  not  seen  failure  of  a  part  of  the  auricle  to  respond,  and  do  not  think  such  failiire  is 
ever  spread  over  a  mass  of  muscle  sufficient  to  be  recognised  by  the  eye.  On  one  occasion, 
when  we  thought  we  witnessed  it,  an  electrical  record  from  the  muscle  which  appeared  to  beat 
at  half-rate  proved  it  to  be  alternating,  the  electrical  responses  being  at  the  full  rate. 

+  This  has  been  shown  by  Mines'"  for  the  frog's  ventricle  in  the  following  wa\'.  While  the 
heart  is  responding  to  rhythmic  shocks  at  a  maximal  rate,  a  single  shock  i.s  intenuitted  ;  this 
intermission  is  followed  by  a  condition  of  permanent  2  :  1  response.  In  tlie  iiianiinalian  auricle 
the  same  phenomenon  is  witnessed  when  two  shocks  are  intermitted,  but  the  period  of  2  :  1 
response  which  follows  is  always  very  fleeting.  In  testing  the  refractory  period  of  the  auricle  at 
different  rates  of  stimulation,  it  often  happens  that  the  testing  shocks  fall  a  little  distance  before 
the  rhj-thmic  shock,  and  the  latter  finds  the  muscle  refrtictory.  An  unusual  pause  now  follows, 
and  it  is  often  noticeable  that  the  refractory  period  of  the  succeeding  response  to  a  rhythmic 
shock  is  unusually  long.  The  introduction  of  such  readings  is,  of  course,  avoided  in  our  tables, 
the  rule  being  that  the  testing  shock  is  to  be  preceded  by  two  or  more  effective  rhythmic  shocks. 
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render  the  next  shock  abortive  and  that  a  conditioa  of  2  :  1  response,  by  a 
repetition  of  this  process,  would  become  stabilised.  ActuaUy  this  does  not 
occur. 

Although,  in  the  mammalian  auricle,  there  is  evidence  to  show  that  a 
single  2  :  1  period  tends  to  be  followed  by  a  second  of  the  same  kind,  and  that 
a  single  1  :  1  period  tends  to  be  followed  by  a  second  of  the  same  kind,  yet 
stability  of  the  2  :  1  response  is  never  reached  until  the  rate  of  stimulation 
is  raised  a  good  deal  beyond  the  point  at  which  the  first  response  is  missed. 
The  form  of  response  in  the  dog's  auricle  fluctuates  because  the  effective 
refractory  period  fluctuates  from  cycle  to  cycle  ;  the  partially  refractory 
period  varies  in  duration  and  density  from  cycle  to  cycle  ;  hence  a  stable 
2  :1  response  is  not  seen  until  the  period  of  partial  refractoriness  is  prolonged 
so  considerably  beyond  the  instants  at  which  the  rhythmic  shocks  fall, 
that  when  these  enter  the  muscle  they  always  find  the  majority  of  the  fibres 
refractory. 

The  actual  events  at  the  passage  of  a  condition  of  1  :  1  into  2  :1  or  2:1 
into  1  :  1  response  are  subject  to  a  good  deal  of  variation.  We  have  studied 
them  in  a  large  number  of  curves,  and  the  tabulated  measurements  of 
Tables  X  and  XI  are  sufficient  illustrations.  Rhythmic  shocks  are  thrown 
into  the  tip  of  the  right  appendix  and  two  pairs  of  contacts  are  laid  in  line 
with  the  stimulating  electrodes,  upon  the  chief  muscle  band  which  runs 
from  the  base  to  the  tip  of  the  appendix,  or  upon  the  body  of  the  auricle. 
The  measurements  used  are,  firstlj',  the  interval  between  the  instant  of 
stimulation*  and  the  appearance  of  the  excitation  wave  at  the  proximal 
contacts  (this  is  stated  in  our  tables  as  the  stimulus-intrinsic  interval)  ; 
and.  secondly,  the  interval  separating  the  arrival  of  the  excitation  wave  at 
the  two  pairs  of  contacts  (this  is  stated  in  our  tables  as  the  intrinsic- 
intrinsic  interval).  The  first  interval  [S- 1)  measures  the  time  taken  for 
the  excitation  wave  to  travel  from  the  point  of  stimulation  to  the  proximal 
contacts,  a  distance  which  has  varied  in  our  experiments  between  about 
10  and  30  millimetresf  ;  the  second  interval  measures  the  time  taken  for 
the  excitation  wave  to  pass  from  proximal  to  distal  contacts  (  /-  /),  a  distance 
which  has  been  uniformly  8  millimetres.  Two  tables  are  given,  one  for  the 
atropinised,  the  other  for  the  non-atropinised  auricle.  The  chief  differences 
shown  between  the  two  is  that  a  liigher  rat«  of  stimulation  is  required  to 
produce  transient  2  :  1  response  in  the  latter  (see  Table  XVIII). 

During  the  phases  of  2  :1  response  the  intrinsic  deflections  are  uniform 
in  amplitude,  and  the  transmission  intervals  (S- 1  and  /-  /)  are  uniform  and 
relatively  short  ;  during  the  phases  of  1  :  1  response  the  intrinsic  deflections 
vary  much  in  amplitude  and  sometimes  a  good  deal  in  form  ;  the 
transmission  intervals  vary  and  are  in  the  average  much  prolonged. 


*  This  is  usually  signalled  by  escape  into  the  lead  from  the  proximal  contacts,  as  in  Fig.  12  ; 
otherwise  it  is  signalled  by  means  of  a  third  string. 

+  It  also  included  the  period  of  latency  of  response,  which,  liowever,  experience  shows  us, 
may  be  neglected  in  these  experiments. 
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We  now  call  attention  again  to  our  conclusion  that  prolongation  of 
the  transmission  intervals,  when  the  auricle  is  responding  at  high  rates,  is 
due  to  the  sinuous  path  taken  by  the  excitation  wave.  The  deviations  from 
the  natural  course  may  be  small  and  numerous,  or  the  deviation  may 
be  considerable.  The  swerve  may  be  so  great  that  the  excitation  wave, 
propagated  from  the  point  stimulated,  strikes  the  recording  contacts  very 
obUquely  (an  extreme  instance  of  this  is  shown  diagrammatically  in  Fig.  1  of 
the  third  article  of  tliis  series').  Swerve  of  this  extent  is  sufficiently  frequent 
to  complicate  the  readings  obtained,  for,  when  the  recording  contacts  are 
struck  obUquely,  the  transmission  interval  ( /-  /)  is  thereby  reduced  and  an 
exact  estimate  of  the  transmission  rate  is  not  obtained  from  the  reading. 
Evidence  of  decreased  transmission  rate  is  always  obtained  by  measurement 
of  the  S- 1  intervals  ;  it  is  not  always  made  clear,  though  it  usually  is,  by 
measurement  of  the  /-  /  intervals,  and  this  is  especially  the  case  when  the 
rate  of  stimulation  is  so  high  that  the  swerve  is  conspicuous.  Of  swerve 
and  its  effects  upon  the  transmission  intervals,  hitherto  strongly  suspected, 
we  now  have  conclusive  evidence.  Consider,  for  example,  the  readings  of 
the  accompanying  short  table  of  measurements  from  a  period  of  1  :  1 
response  at  high  rate  (Table  XII).     Both  the  8-1  and    /- /  intervals  are 


TABLE  XII. 

Alternating  transmission  inten-nl.i. 

(Dog  M K.     Record  3.      Rhythmic  stimulation,  rate  422  per  minute,   1  :  1   response.) 


Stimulus  to  intrinsic 
interval  in  sees. 

Intrinsic  to  intrinsic 
interval  in  sees. 

00426 

00110 

00443 

00087 

00422 

00103 

00460 

0-0094 

0I.MH2 

00110 

00485 

0OU'.l7 

alternating  ;  but  there  is  this  curious  relation,  the  long  S- 1  interval  corres- 
ponds to  the  short  /- /  interval,  the  short  S- 1  interval  to  the  long  I- 1 
interval.  Tliis  arrangement  can  have  but  one  meaning  ;  an  S- 1  interval 
is  unusually  long  because  the  swerve  of  the  excitation  wave,  in  travelling 
from  point  of  stimulation  to  contact,  is  unusually  great  ;  swerving  to  an 
unusual  extent,  the  contacts  are  struck  more  obUquely,  and  the  corresponding 
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I- 1  interval  is  sliortcr  than  it  otherwise  would  be.  Tliis  tabulated  instance  is 
not  an  isolated  one  :  we  have  met  with  many  other  examples  ;  one  of  these 
is  incorporated  in  Table  XI  {Dog  ME,  Record  28,  heavy  figures).  A  similar 
relation  is  to  be  seen  in  these  tables  treated  as  a  whole  ;  if  the  percentage 
rise  in  the  S- 1  interval  at  the  beginning  and  during  the  continuation  of  the 

1  :  1  response  is  cou.siderable,  the  rise  in  the  corresponding  /-  /  intervals  is 
inconspicuous  :  on  the  other  hand,  if  the  percentage  rise  in  the  tS-  /  intervals 
is  less  conspicuous,  the  rise  in  the  /-  /  intervals  is  as  a  ride  emphasised, 
(^n  occasion  the  swerve  may  be  so  great  that  at  the  appearance  of  1  :  1 
response  the  /- /  intervals  are  actually  lower  (Table  XI  ME,  Record  27) 
than  those  obtaining  during  the  period  of  2  :  1  response.* 

Swerve  before  the  wave  reaches  the  contacts  is  less  in  the  unatropinised 
than  in  the  atropinised  auricle  ;  the  greatest  percentage  rises  in  the  S- 1 
intervals  (rises  of  100  per  cent,  and  more)  are  seen  in  the  latter  only.  The 
reason  for  this  is  not  far  to  seek,  for  the  rhythmic  shocks  which  enter  the 
auricle  stimulate  the  vagus  nerve  endings,  and  reduce  the  refractory 
period  of  the  muscle  surrounding  the  point  stimulated  ;  consequent^,  the 
first  part  of  the  course,  along  which  the  excitation  waves  are  propagated, 
is  straighter  and  the  rate  of  transmission  from  point  to  point  is  not  so 
materially  increased. 

The  first  transmission  interval  of  the  1 : 1  period  is  generally  of  exceptional 
length.  In  this  respect  there  is  a  contrast  with  curves  of  A-  V  heart- 
block.  In  the  latter,  it  is  the  rule  that  the  intervals  increase  as  the  1:1 
responses  succeed  each  other  ;  here  they  decrease. f 

This  first  long  interval  is  responsible  for  delay  in  the  appearance  of  the 
corresponding  intrinsic  deflection.  The  first  cycle  of  the  1  :  1  responses  is 
always  of  exceptional  length  and  the  intrinsic  defection  which  terminates 
it  frequently  shows  change  of  form  (similar  to  that  shown  in  Fig.  13). 

In  some  instances  there  is  a  gradual  rise  in  the  length  of  the  intervals 
preliminarj'  to  the  return  of  2  :  1  response  ;  the  last  transmission  interval 
of  the  1:1  phase  is  not  infrequently  of  exaggerated  length  (Table  XI,  M  F,  41 
and  Table  X,  MG,  17)  ;  neither  phenomenon  is  constant. 


*  In  isolated  instances  we  have  seen  them  reiluoiMl  tn  zero  and  on  a  solitary  occasion 
hecoining  of  minus  sign,  indicating  that  the  distal  cuitii.  ts  wt-n-  first  encountered.  Swerve  of 
the  wave  often  renders  acciu-ate  valuation  of  transniif^-nui  iniervals  between  pairs  of  recording 
contacts  impossible.  It  becomes  a  factor  of  real  uioiiuut,  huwever,  only  when  the  rates  of 
stimulation  yielding  1  :  1  response  is  at  its  maximal  point  or  near  it.  In  the  tables  of  a  previous 
article  "  the  rates  of  stimulation  were  for  the  most  part  much  lower,  and  the  rise  in  transmission 
intervals  with  increasing  rate  was  consequently  detected.  In  Table  IX  of  the  present  article 
lower  rates  of  stimulation  were  also  employed;  though  in  one  instance  {Dog  M  K),  the  /•  / 
interval  failed  to  show  change. 

+  In  a  previous  article  "  two  instances  of  gradual  increase  in  the  intervals,  up  to  the  point  of 
the  first  2  :  1  response,  wore  recorded.  We  have  not  since  met  with  curves  of  this  kind.  In 
those  observations  the  muscle  of  the  sujierior  cava  was  under  investigation,  which  perhaps 
accounts  for  the  diflference. 
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Disnission.  The  spontaneous  and  repeated  change  from  2  :  1  to  1  :  1 
response  and  back  again,  while  the  muscle  is  responding  to  higli  rates  of 
stimulation  is  due,  in  our  view,  to  lack  of  uniformitj^  in  the  length  of  the 
effective  refractory  period  of  the  muscle  stimulated.  While  1  :  1  response 
is  in  progress  the  state  of  partial  refractoriness  at  the  instants  at  which  the 
shocks  enter  the  muscle  varies  in  density  from  cycle  to  cycle  ;  when  the 
refractory  fibres  are  concentrated  during  this  period  of  the  cycle  (an 
exaggeration  of  the  condition  shown  in  Fig.  5,  cj'cle  5),  the  effective 
refractory  period  is  prolonged  beyond  the  instant  at  which  the  next  rhythmic 
shock  falls,  and  as  a  consequence,  there  is  no  response  of  the  auricle  ;  the  rest 
so  obtained  increases  the  duration  of  the  effective  refractorj-  period  at  the 
next  response,  and  simple  2  :1  response  tends  to  become  estabhshed  ;  but  it 
is  established  on  the  insecure  basis  of  an  overlap  of  partially  refractory 
tissue.  Sooner  or  later  the  responsive  fibres  of  this  partially  refractory 
period  concentrate,  and  the  rhythmic  shock,  succeeding  a  response,  finds 
a  sufficient  number  of  fibres  in  the  responsive  state,  and  the  auricle  as 
a  whole  follows  suit  ;  owing  to  the  short  period  of  rest  the  effective 
refractory  period  of  this  cycle  is  lowered  and  1  :  1  response  tends  to  estabhsh 
itself  until  the  process  of  concentration,  this  time  of  refractory  fibres,  is 
repeated.  The  reason  why  the  first  transmission  interval  of  1  :  1  response 
is  unusually  long  is  that  the  partially  refractory  period  of  the  preceding  cycle 
is  longer  and  more  obstructive  than  that  of  the  cycles  which  come  afterwards. 
The  effective  refractory  period  of  the  cycle  in  question  is  shorter  than  those 
of  the  2:  1  phase;  it  is  the  first  cycle  which  just  allows  response  at  its 
termination  ;  the  refractory  periods  of  succeeding  C3-cles  are  shortened  in 
virtue  of  the  doubled  auricular  rate  :  the  density  of  the  partially  refrac- 
tory period  is  conseciuently  less  when  the  shocks  enter  the  muscle,  and 
the  propagation  of  the  excitation  waves  is  less  obstructed. 

The  lengthened  transmi.ssion  intervals  at  the  end  of  the  1  :  1  phase  are 
inconstant.  A  concentration  of  refractory  fibres  in  the  partially  refractory 
period  mil  delay  or  obstruct  the  propagation  of  the  next  impulse  ;  if  it 
delays  propagation  almost  to  the  point  of  actual  obstruction,  the 
transmission  interval  will  show  a  conspicuous  rise  in  value  ;  if  it  actually 
obstructs,  2  :  1  response  will  appear  at  once.  Sometimes  the  beginning  of 
the  phase  of  2  :  1  response  will  be  foreshadowed,  sometimes  it  will  come 
abruptly. 

The  detailed  study  of  transient  2  :  I  response  brings  further  evidence  in 
favour  of  our  conclusion,  that  the  irregularities  seen  when  the  auricle  is 
responding  to  very  high  rates  of  stimulation  are  all  engendered  by  the 
duration  of  the  refractory  period  and  by  the  relation  of  its  end  phase  of 
partial  refractoriness  to  the  end  of  the  stimulus  cycle.  We  attribute  all 
those  apparent  changes  in  conduction,  described  in  the  third  article  of  this 
series,"  and  the  complex  irregularities  in  the  form,  incidence  and  amplitude 
of  the  auricular  deflections,  directly  or  indirectly,  to  this  relation. 
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Action  of  vagus  upon  2  :  1  response. 
If  the  vagus  is  stimulated  during  a  period  of  transient  or  persistent 
2  :  1  response*.  1  :  1  response  invariably  appears  after  a  very  brief  delay, 
and,  if  the  vagus  stimulation  is  maintained,  persists.  The  dela^-  is  no  greater 
than  a  half  second.  Fig.  13  is  an  example  of  the  reaction,  which  is  clearly 
due  to  reduction  of  the  refractor^'  period. ^  Table  XIII  gives  the 
transmission  intervals  over  the  period  of  change,  and  the  figures  of  this  table 
may  be  compared  with  those  illustrating  the  spontaneous  passage  from  2  :  1 
to  1  :  1  response  (Tables  X  and  XI).  The  difference  consists  in  the  almost 
immediate  return  of  the  intervals  to  their  values  in  the  2  :  1  phase.  The 
first  interval  (S- 1  and  /-/)  of  the  1  :  1  phase  is  usually,  though  not 
always,  prolonged  ;  the  second  interval  may  show  a  minor  prolongation. 
Exceptionally  the  fall  is  spread  over  more  cycles. 


TABLE  XIII. 


Effect  of  stimulation  of  vagus 


„  .     .       „.         ,,  I  [I]  Stimulus  and  intri 

Transmission  Times  belu'cen  !  J^i  j„trinsic  1 1 )  Iproxi 


;  (1)  (proxi7nal  contacts). 

l  contacts)  and  intrinsic  (2)  (distal  contacts). 


Dog  ..  ..       MB    1      MB    I      MB 

(Ree.9).  !(Rec.lO).i(Rec.  8). 
Rate  of  V      510      !      480      I      487 

Stimulation  j    per  min.    per  min.    per  min.  '  per  min. 


MF 
(Record  32). 


Response 


Stimulus  Stimulus  Stimulus  Intrin.  1  Stimulus  Intrin.  1  Stimulus   Intrin.  1 


Intrin.  1.  Intrin.  1.  Intrin.  1.  Intrin.  2.  Intrin.  1.  Intrin.  2.  Intrir 


Intrin.  2. 


00211   '  00205   '  00113 

00218  00186  00106 

00218  00167  00102  00380  00102  0  0394  00115 

00233      00226  00162  00089  00416  00103  00365  00133 

Vagus  on  Vagus  on  0-0178    Vagus  on  Vagus  on  Vagus  on  Vagus  on  Vagus  on 

00235       00218     Vagus  on  00092  00374  0  0093  00374  00121 

00241       00288?  00204  00096  00373  0  0093  00358  i   00105- 


00317 

00425 

0-0329 

0-0113 

0-0448 

00091 

0-0524 

0-0137 

00276 

00271 

0-0226 

0-0103 

00384 

0-0084 

0-0464 

0-0124 

1  00232 

00232 

0-0188 

0-0107 

0-0391 

0-0096 

0-0430 

0-0154 

'  00279 

00261 

0-0165 

0-0106 

0-0377 

0-0118 

0-0384 

0-0120 

00236 

00226 

0-0162 

0-0103 

0-0377 

00099 

0-0442 

0-0131 

1  00242 

00238 

0-0181 

0-0106 

0-0399 

00102 

0-0377 

00115 

1  00222 

00249 

0-0212 

0-0107 

00380 

0-0087 

0-0416 

0-0107 

00242 

00237 

00185 

0-0098 

0-0392 

0-0096 

0-0372 

0-0103 

00271 

00239 

0-0193 

0-0089 

0-0356 

0-0093 

0-0366 

0-0109 

00239 

00246 

0-0188 

0-0086 

0-0402 

0-0096 

C-0380 

0-0122 

00231 

0-9262 

0-0211 

00100 

0-0391 

0-0090 

0-0431 

00119 

00264 

0-0249 

0-0250 

0-0083 

0-0397 

0-0087 

0-0386 

0-0111 

The  distortion  of  the  intrinsic  deflection  terminating  the  first  1  :  1  cycle 
is  well  shown  in  Fig.  13  :  it  is  the  rule  :  the  first  1  :  1  cycle  is  the  longest. 

*  Tlie  rhythmic  shocks  should  stand  well  above  thresliold  value  in  this  experiment,  otherwise, 
owing  to  reduced  excitability,  the  muscle  will  not  respond  to  each  shock  during  the  period  of 
vagal  stimulation. 

t  See  note  on  page  1 29. 
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Irregularity  of  the  first  deflections  of  the  1  :  1  phase  is  the  rule  ;  they  become 
regular  as  the  curve  proceeds.* 

The  reaction  of  the  condition  of  2  :  1  response  is  the  expected  reaction  ; 
the  refractory  period  is  reduced  and  each  rhythmic  shock  now  becomes 
effective.  At  the  first  response  of  the  1  :  1  stage  the  period  of  partial 
refractoriness  is  still  sufficiently  prolonged  to  produce  a  considerable 
hindrance  to  propagation  and  the  corresponding  transmission  interval  is 
usually  unduly  prolonged. 

Further  observations  upon  the  refractory  period. 

Method.  In  testing  the  refractory  period  of  the  auricular  muscle  we 
have  employed  a  second  method.  The  same  apparatus  is  used  (see  Fig.  1), 
with  the  exception  that  the  two  secondary  coils  are  connected  to  separate 
pairs  of  stimulating  electrodes.  The  left  hand  inductorium  stimulates  the 
heart  rhj-thmically  at  one  point, t  the  right-hand  coil  tests  the  refractory 
period  at  a  different  point  of  the  auricular  surface.  The  object  of  using 
different  points  of  stimulation  is  to  avoid  rhythmically  exciting  the  nerve 
endings  in  the  muscle  whose  refractory  period  is  tested.  It  involves  a  double 
measurement  ;  the  boundary  of  response  and  no  response  must  be  estimated 
at  both  the  beginning  and  end  of  the  refractory  period. J 

Now  this  method,  useful  though  it  is  for  certain  purposes,  introduces 
an  error.  The  error  arises  out  of  the  relative  jjositions  of  the  two  pairs  of 
stimulating  electrodes  and  of  the  contacts  recording  response,  the  manner 
in  which  it  arises  may  be  explained  by  means  of  a  diagram  (Fig.  6).  To  the 
right  of  this  diagram  is  a  triangle,  A,  B,  C,  the  angles  of  which  represent  :  A, 
the  point  stimulated  rhj-thmically ;  §  B,  the  point  at  which  the  refractory 
period  is  measured  by  means  of  test  shocks  ;  and,  C,  the  point  at  which 
responses  of  the  muscle  are  recorded.  It  is  supposed,  for  purposes  of  argument, 
that  an  excitation  wave  takes  003  of  a  second  and  004  of  a  second  to  travel 
from  A  to  B  and  C  respectively,  and  that  it  takes  003  of  a  second  to  travel 
from  B  to  C.  In  the  main  part  of  the  diagram,  and  reading  from  left  to  right, 
the  times  at  which  the  rhythmic  shocks  enter  and  give  response  at  A  are 
charted  as  black  circles.  The  waves  of  excitation  starting  at  ^4  travel  to  B, 
and  the  actual  refractory  periods  in  the  muscle  at  B  are  charted  as  black 
rectangles.  The  period  begins  at  b  (003  of  a  second  after  A  is  excited) 
and  ends  at  e  (saj^  014  of  a  second  later).     The  waves  also  travel  to  C, 

*  For  reasons  which  are  not  clear  to  us,  the  vagus  has  usually  reduced  the  irregularity  of  the 
intrinsic  deflections  to  uniformity,  and  has  lowered  the  transmission  intervals,  more  speedily  in 
these  experiments  than  in  the  circumstances  previously  described.  We  regard  this  difference  as 
being  probably  accidental. 

t  This  coil  and  its  electrodes  are  dispensed  with  if  the  heart  is  responding  to  inlierent  impulses. 

J  In  a  heart  driven  rhythmically  the  measurements  are  confined  to  the  upper  string  shadow 
as  before  described  ;  but  in  a  heart  responding  to  inherent  impusles,  the  measurements  are 
referred  to  the  intrinsic  deflection  of  the  inherent  beat,  which  is  recorded  by  the  lower  string 
shadow. 

the  point  from  wliich  the  spontaneous  rhythm 
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the  muscle  under  the  recording  contacts,  and  here  tlie  refractory  period  is 
rei)iesented  as  a  wliitc  rectangle  in  which  the  record  of  the  electrical  response 
is  shown.  Now  the  shocks  which  test  the  refractory  period  enter  the  muscle 
at  B  ;  if  a  shock  enters  immediately  after  the  ending  of  the  refractory  period 
(as  at  ;r)  it  yields  a  response  and  the  wave  of  excitation  is  propagated  to  the 
recording  contacts  at  C  ;  for  the  whole  stretch  of  muscle  between  B  and  C 
is  responsive  when  the  excitation  wave  passes  through  it.  The  wave 
propagated  by  the  testing  shock  takes  003  of  a  second  or  more*  to  reach  C. 
If,  however,  a  shock  falls  at  the  end  of  the  responsive  jieriod  {i.e.,  shortlj' 
before  h)  it  excites  the  muscle  and  the  wave  of  excitation  is  propagated 
towards  C,  but  it  will  not  reach  C,  since  this  muscle  area  receives  the  rhythmic 
impulse  in  the  interval  (003  of  a  second)  during  which  the  wave  is  travelling 
from  B  to  C.  The  last  test  shock  which  can  excite  the  muscle  at  B  and  yet 
yield  a  response  at  C  \\\\\  fall  at  the  point  Y,  which  lies  003  of  a  second  in 
front  of  z,  the  beginning  of  the  rhythmic  refractory  period  of  muscle  C. 
Thus  while  the  refractory  period  has  an  actual  duration  he,  it  will  be 
measured  as  having  a  duration  ye.  The  interval  yb  is  calculable,  if  we  know 
the  transmission  times  between  the  angles  of  the  triangle.  It  is  equal  to 
BC—[AC-AB);  in  the  instance  given  it  is  003  —  (0-04-0-03)  of  a  second 
^002  of  a  second  ;  and  the  refractory  period  of  0'14  of  a  second  mil  be 
measured  at  016  of  a  second.  Now  the  formula  given  apj^lies  to  all  positions 
in  which  the  electrodes  and  contacts  are  likely  to  be  placed,  and  it  will  be 
apparent  on  consideration  that  the  greater  the  transmission  interval  ^  C  or 
the  smaller  the  intervals  AB  and  BC,  the  less  will  be  the  error.  But  the 
error  will  not  be  reduced  to  zero,  unless  the  transmission  interval  ^C  is 
equal  to  the  combined  transmission  intervals  AB  and  BC.  In  other 
words,  there  will  be  an  error  unless  the  rhythmic  excitation  waves  reach  C 
by  passing  over  B  en  route.  If  the  precise  line  taken  by  the  rhythmic 
excitation  waves  were  known,  the  error  could  be  eliminated  by  placing  the 
testing  electrodes  on  its  path  ;  but  it  is  never  precisely  known,  for  the  reason 
that  the  excitation  wave  follows  bands  of  muscle  in  the  auricle  and  does  not 
necessarily  course  along  a  straight  Une.f  The  possibiUty  of  material  error  is 
always  present.  It  becomes  necessary,  therefore,  to  test  the  error  deliberately 
and  to  make  allowance  for  it  where  this  is  possible,  a  procedure  which  will 
be  described  in  its  proper  place.  J 


*  We  say  "  more,"  because  at  the  beginning  of  tlie  responsive  period  tlie  transmission 
interval  may  be  prolonged. 

t  And  in  the  case  of  spontaneous  rlijthm  the  point  from  which  the  rhythmic  waves  spring 
may  not  be  precisely  kno«Ti. 

X  It  should  be  noted  that  the  largest  error  is  introduced  when  the  recording  contacts  are 
placed  between  the  point  of  rhj-lhmin  stinmhitinn  and  test  stimulation.  The  error  is  then  a 
gross  one.  It  may  be  asked  why  tin  .  i  ..  :  -i  t  lie  eliminated  by  bringing  the  chosen  points 
nearer  together.       If  i?  and  C  lie  ( 1 ' i  in    electrical  record  of  response  is  confused  by 

the  record  of  the  current  of  stiraulati  ji  I;  A  ,  i,  I  /;  are  brought  closer  together,  the  effects  of 
the  rhythmic  stimulation  of  the  ner\  r-  m  lii.  muoi  le  in  the  region  A  will  spread  over  to  region  B 
and  the  whole  oliject  of  separating  A  antl  B,  namely,  to  avoid  this  particular  disturbance,  is 
defeated.  If,  on  the  other  hand,  .4  is  a  point  in  which  rhj'i.hmic  impulses  are  arising  spon- 
taneously, the  close  approach  of  B  might  be  calculated  to  disturb  the  rate  of  these  impulses. 
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Observations.  Tlie  second  method  of  estimating  the  refractory  period 
of  the  auricle  has  been  employed  in  an  attempt  to  arrive  at  normal  values 
in  the  unatropinised  heart.  We  give  the  readings  in  Table  XIV  for  four 
dogs.  In  the  first  column  of  each  section  are  the  readings  for  the  refractory 
period  as  ascertained  by  the  first  method  of  observation,  namely,  by  rhythmic- 
ally stimulating  a  point  on  the  body  of  the  auricle  and  by  throwing  in 
the  testing  shocks  at  the  same  point  of  the  atropinised  auricle.  The  values 
found  for  the  refractory  period  are  0079,  0041,  etc.,  of  a  second  (see  line  D 
of  Table  XVI).  In  the  second  column  of  each  section  (Table  XIV)  are  the 
readings  obtained  when  the  rhythmic  shocks  are  applied  to  the  muscle  of 
the  superior  cava  outside  the  reflection  of  the  pericardium,  the  test  shocks 


Fig.  G.     A.  diagram  illustrating  a  source  of  error  in  attempting  to  measure  the  refractory  period, 
when  the  muscle  fibres  tested  are  not  those  in  which  the  rhj'thm  is  originating. 


being  apphed  to  the  original  point  on  tlie  l)ody  of  the  auricle.  The  two 
limits  of  the  refractory  period,  as  ascertained  bj'  tliis  method,  are  indicated 
by  the  horizontal  Unes  (i?P)  of  the  tables.  The  periods  over  wliich  these 
auricles  were  unresponsive  are  seen  to  be  0107,  0153,  0095  and  0  153  of  a 
second  ;  and  these  values  are  given  in  line  C  of  Table  XVI.  Now  these 
four  values  for  the  refractory  period  exceed  those  obtained  by  the  first 
method  in  each  instance,  and  the  difference  is  in  large  part  due  to  local 
stimulation  of  the  vagal  fibres  under  the  condition  of  the  first  method. 
But  that  is  not  the  only  reason  of  the  difference,  for  a  material  error 
creeps  into  the  second  method,  as  has  been  explained.  The  second  method 
over-estimates  the  refractory  period  by  a  variable  quantity.  To  obtain 
an  idea  of  this  error  we  repeat  the  two  series  of  observations  upon  the 
same  auricles  atropinised  (Table  XV).  These  observations  are  summarised 
in  Table  XVI  (lines  A  and  B).  To  take  as  an  example  Dog  LX,  the 
value  given  for  the  refractory  period  by  the  second  method  under  atrojiine 
(Table  XV),  is  0176  of  a  second;  the  true  value,  as  ascertained  bj-  the 
first  method,  is  01 24.  The  over-estimation  by  the  second  method  is 
0052  of  a  second.  This  substantial  error  we  ascribe  to  the  factor  of 
transmission  (Fig.  6),  which  influences  the  values  given  by  the  second 
method.  The  value  of  the  refractory  period,  ascertained  by  the  second 
method  when  this  auricle  was  unatropinised,  was  0153  of  a  second  ;  from 
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this  we  subtract  the  error  0052  of  a  second),  as  this  is  tabulated  in  the 
atropinised  heart,  and  obtain  a  corrected  value  of  0101  of  a  second.  The 
corrected  values*  for  the  other  animals  are  obtained  in  similar  fashion.  The 
four  corrected  values  obtained  are  those  of  the  refractory  periods  of  heart 
beating  at  from  ISO  to  230  ^ler  minute  :  in  the  four  experiments  they  are 
sufficiently  uniform  ;  they  average  0097  of  a  second.  In  the  atropinised 
auricle  (line  B)  the  average  value  is  01 27  of  a  second.  It  would  appear  from 
these  observations  that  the  refractory  period  in  the  atropinised  heart,  beating 
at  a  rate  of  about  200  per  minute,  is  003  of  a  second  longer  than  in  the 
unatropinised  heart,  in  the  conditions  of  our  experiments,  a  difference  which 
it  is  natural  to  ascribe  to  loss  of  vagal  tone  under  atropine.  We  assume 
that  the  error  is  the  same  for  atropinised  and  unatropinised  auricles  ;  this  can 
be  the  case  only  if  the  rate  of  conduction  in  the  auricle  is  uninfluenced  by 
atropine.  Such  we  find  to  be  the  case  (Table  XVII)  at  rates  of  stimulation 
within  those  used  in  the  foregoing  experiments.  Atropine  has  little  or 
no  influence  upon  the  transmission  intervals  at  heart  rates  of  250  and  under  ; 
consequently  we  may  conclude  that  atropine  does  not  materially  affect 
the  rate  of  fibre  conduction.  That  atropine  would  often  increase  the 
transmission  intervals  at  higher  rates  of  stimulation  we  do  not  doubt  ;  this 
tendency  is  actually  shown  by  one  observation  of  Table  XVII  (namely, 
Dog  MG),  in  which  the  rate  of  stimulation  was  257  per  minute.  Such  effects 
are  to  be  explained  on  the  ground  that  atropine  has  a  lengthening  influence 
upon  the  refractory  period,  and  thus  tends,  at  high  rates  of  stimulation,  to 
close  the  gap  between  the  end  of  the  refractory  period  and  the  next  rhythmic 
shock. 

That  the  refractorj-  period  is  a  little  longer  under  atropine  than  in  tlie 
unatropinised  heart  is  indicated  not  only  by  the  observations  now  cited, 
but  by  others.  Thus,  irregularities  in  the  amplitude  of  the  intrinsic 
deflections  and  transient  2  :  1  block  (see  Table  XVIII)  appear  at  somewhat 
lower  rates  in  the  atropinised  than  in  the  unatropinised  animal  :  so  also  does 
per.sistent  2  :  1  block.  The  difference  is  not  a  very  great  one,  but  is 
sufficiently  constant  to  be  noted.  It  is  a  difference  of  some  50  beats  per 
minute,  and  represents  a  time  difference  of  about  0017  of  a  second. "j"  Thus, 
if  we  take  the  evidence  from  aU  sources,  it  seems  clear  that  the  refractory 
period  is  raised  by  atropine,  when  tliis  drug  is  given  in  the  conditions  of  our 
experiments  :  the  precise  extent  of  this  rise  is  not  known,  though  there  is 
sufficient  evidence  that  it  is  not  very  considerable. 

Upon  measurements  of  the  refractory  period,  described  in  tliis  section, 
we  do  not  wish  to  lay  undue  stress  ;  we  pubhsh  them  largely  to  point  out 
some  of  the  difficulties  experienced  in  attemjiting  precisely  to  measure  the 
refractory  period  in  the  unatropinised  heart. 

*  In  the  case  of  Dog  LW  a,  correction  would  appear  to  be  unnecessary. 

t  Difference  in  the  length  of  cycle  in  an  auricle  beating  at  400  and  450,  respectivelj'. 
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TABLE  XVI. 

Refractory  ;  erivd. 


R.  P.  estimated 

Dog  LW. 
Rate  207. 

Dog  LX. 
Rate  186. 

Dog  LY. 
Rate  230. 

Dog  LZ. 
Rate  180. 

A.     away    from    point    of    rhytlimic 
stimulation  under  atropine 

0133 

0176 

0117 

1 

0193 

B.   at  point  of   rhythmic  stimulation 
under  atropine 

0142 

0124 

0102 

0139 

Overestimate  in  A 

_ 

0052 

0015 

0054 

C.  away    from    point    of     rhythmic 

stimulation,  unatropinised  0-107 


Corrected   values    for    unatropinised 
auricle 


0153 
0099 


D.  at  point  of  rhythi 
unatropinised 


0  079 


TABLE  XVII. 
iitcnxils  before  and  afle 


IJOg. 

Auricular  rate. 

Stimulus   to   intrinsic 
interval  in  sees. 

Intrinsic 
interva 

to  intrinsic 
in  sees. 

Before. 

After. 

Before. 

After. 

Before. 

After. 

MI. 

180 

183 

00095 

0-0093 

0-0343 

0-0370 

MH. 

206 

208 

00036 

00036 

0-0338 

0-0358 

MD. 

240 

245 

00000 

00000 

MF. 

254 

253 

00099 

0-0100 

MG. 

257 

257 

0-0074 

00091 

0-0604 

00645 

MK. 

284 

286 

0-0097 

0-0097 

0-0382 

0-0407 

/.'u/f  u!  stimulath 


TABLE   XVIli. 

lired  to  produne  transient  : 


\,  find  1  ;  1  respnn 


Dog. 

Normnl. 

Atropinised. 

MB. 

452 

400 

MO. 

552 

j                   445 

MD. 

450 

384 

MF. 

■175 

1                 432 

MJ. 

440 

375 
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Relation  of  foregoing  observations  to  auricular  flutter. 

The  relation  between  flutter  and  refractory  period  on  the  one  hand,  and 
the  rate  at  which  the  excitation  wave  is  propagated  on  the  other,  has  been 
discussed  briefly  in  a  previous  article*  ;  but  the  data  at  our  disposal  at  the 
time  were  insufficient  to  permit  of  much  beyond  a  general  survey.  We 
arrive  at  several  conclusions  from  the  present  observations,  which  appear  to 
us  to  have  a  fundamental  bearing  upon  the  subject  under  discussion. 

In  the  first  place  it  is  clear  that  in  considering  the  influence  of  enhanced 
rate  upon  the  auricle,  we  may  leave  the  rate  of  fibre  conduction  out  of  account. 
As  we  have  been  able  to  show,  the  rate  of  fibre  conduction  is  undisturbed  at 
rates  such  as  prevail  in  flutter.*  We  may  not  similarly  dismiss  the  rate  of 
transmission  from  point  to  point  ;  this  is  almost  always  adversely  affected 
when  the  auricular  rate  rises  to  the  levels  jirevaiHng  in  flutter  (i.e.,  350  and 
more  per  minute).  The  distinction  is  an  important  one,  and  chiefly  because, 
as  we  have  demonstrated,  the  widening  of  the  transmission  intervals  is  due 
to  the  length  of  the  refractory  period.  We  may  draw  the  general  conclusion 
from  our  present  observations  that  whenever,  as  a  result  of  increased  rate  of 
beating,  the  speed  at  which  the  excitation  ivave  is  conveyed  from  point  to  point 
of  the  auricle  is  reduced  below  normal,  the  crest  of  the  crdtation  wave  is  flowing 
through  muscle  which  is  in  a  partially  refractory  state,  and  that  the  lessened  rate  of 
propagation  is  due  to  this  cause.  This  conclusion  appUes  not  only  to  the  auricle, 
responding  to  rhythmic  shocks,  but  to  that  which  is  driven  by  a  circulating 
wave  of  excitation,  i.e.,  to  the  fluttering  auricle.  Now  a  decreased  rate  of 
propagation  is  the  rule  in  what  we  have  termed  pure  flutter,^  though  there 
appear  to  be  occasional  excej^tions.  We  may  conclude,  therefore,  that  even 
in  pure  flutter  it  is  the  rule  that  the  crest  of  the  circulating  wave  is 
flowing  always  through  muscle  in  a  partially  refractory  state.  That  is 
tantamount  to  the  assertion  that  the  gap  between  the  crest  of  the  wave  and 
its  wake  of  absolute  refractoriness  is  a  small  one,  and  that  this  gap  is  bridged 
by  fibres,  moi'e  or  less  numerous,  which  are  refractory  as  the  wave  passes. 

It  is  also  possible  to  conclude  from  our  observations  that  whenever, 
as  a  result  of  increased  rates  of  beating,  the  electrogram  becomes  irregular,  the 
intrinsic  deflections  displaying  variations  in  amplitude,  form  or  incidence,  the 
crest  of  the  excitation  wave  is  similarly  affected,  being  deflected  from,  side  to  side 
upon  a  sinuous  course,  by  barriers  of  refractory  muscle.  This  conclusion  is  at 
once  and  universally  ajDpUcable  to  impure  flutter. f  In  a  previous  article* 
it  has  been  concluded  mainly  from  direct  observation  that  in  impure  flutter 
this  sinuosity  of  the  wave  exists  ;  we  arrive  again  at  the  same  conclusion 
from  other  data,  and  widen  it  by  recognising  the  precise  nature  of  the  barriers. 

*  Actually  the  rate  of  fibre  conduction  is  undisturbed  at  much  higher  rates  than  these. 
Separate  observations,  to  be  recorded  in  a  later  article,  show  that  the  fibres  are  capable  of 
conducting  normally  when  the  auricle  is  beating  as  rapidly  as  800  to  1,100  per  minute.  The 
rate  of  beating  is  probably  without  influence  upon  fibre  conduction  in  any  circumstance. 

t  It  is  applicable,  as  we  shall  see,  to  fibrillation  also. 
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To  sum  up,  when  the  dog's  auricle  is  thrown  into  a  state  of  flutter,  pure 
or  impure,  a  wave  of  excitation  circulates  continuously  in  the  auricle  ;  the 
rate  at  which  tliis  wave  travels  is  not  as  a  rule  normal  :  it  is  lower  than 
normal  because  its  progress  is  through  tissue  in  wliich  responsiveness  is 
but  partially  recovered.  To  be  maintained,  a  gap  between  the  crest  of  the 
wave  and  the  wake  of  effective  refractoriness  must  remain  ;  this  gap  is  a 
small  one  in  flutter,  and  it  is  imperfect  in  that  it  is  constituted  by  tissue  of 
which  the  fibres  are  not  all  in  the  responsive  state. 

We  may  at  this  stage  enquire  if  direct  evidence  of  the  extent  of  this  gap 
can  be  brought  forward. 

The  responsive  gap  in  flutter. 

On  three  occasions  we  have  had  an  opportunity  of  testing  the  length  of 
refractory  and  responsive  periods  during  long  continued  flutter.  The 
enquiry  is  beset  ^^■ith  minor  difficulties,  wliich  have  been  foreshadowed 
in  the  preceding  pages.  In  one  instance  we  have  obtained  conclusive 
evidence  of  a  short  gap  and  have  been  able  to  obtain  a  measure  of  it  ;  in  two 
instances  we  have  been  unable  to  demonstrate  the  gap  or  its  extent.  The 
method  employed  has  differed  a  Uttle  in  the  different  observations,  which 
wiU  be  described  separately. 

\st  e.rperiment.  (Dog  L  V.)  A  sUghtly  impure  flutter  was  started  in 
this  auricle  bj'  rhythmic  stimulation.  The  excitation  waves  were  found  to 
be  travclhng  up  the  taenia  tcrminaUs  and  from  the  base  to  the  tip  of  the 
right  appendix.  The  rate  of  movement  averaged  508  per  minute  (length  of 
cycle  Oil  80  of  a  second).  This  period  of  flutter  lasted  over  an  hour  and 
records  were  taken  b^'  means  of  a  direct  lead  placed  on  the  tip  of  and  in  hne 
with  the  appendix,  while  rhjthmic  break  shocks  were  sent  into  the  appendix 
at  its  base  and  2  centimetres  from  the  contacts.  Tliis  distance  is  of 
importance  in  that  if  such  shocks  enter  the  muscle  in  the  immediate  neigh- 
bourhood of  the  recording  contacts,  any  recorded  responses  to  these 
shocks  might  be  attributed  to  the  lowering  influence  which  such  shocks  are 
known  to  exert  locally  upon  the  refractory  period.  The  second  fibre  was 
used  to  record  the  rhythmic  shocks  and  the  measurements  of  the  plates 
are  expressed  in  two  columns  in  Table  XIX.  The  fii-st  column  gives  the 
interval  between  the  intrinsic  deflection  and  the  succeeding  testing  shock  ; 
it  indicates  the  phase  of  the  flutter  cycle  at  which  the  testing  shock  entered 
the  muscle.  The  second  column  gives  the  length  of  the  corresponding  cycle, 
as  measured  from  the  preceding  to  the  succeeding  intrinsic  deflection.  The 
flutter  being  shghtly  impure,  the  lengths  of  these  cycles  varj'  throughout  in 
slight  degree,  but  there  are  six  (those  in  heavy  type)  which  are  unusuallj'' 
short.  If  these  six  short  cycles  were  diffused  throughout  the  column,  a  less 
confident  conclusion  could  be  drawn  from  them  ;  but  that  is  not  the  case  ; 
they  are  grouped  together.  These  cycles,  terminated  as  they  are  by  shghtly 
prematiu-e  deflections,  are  cj'cles  standing  with  definite  time  relations  to 
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the  testing  shocks.  These  shocks  are  signalled  between  0"0576  and  00778 
of  a  second,  after  the  first  intrinsic  deflections  of  the  corresponding  cycles 
are  recorded.  The  whole  period  of  response  extends  for  approximately 
002  of  a  second,  over  a  cycle  of  01 18  of  a  second  in  duration.  That  is  the 
extent  of  the  gap.  The  period  of  invariable  response  is  less  than  tliis  ; 
it  is  approximately  001  of  a  second  in  duration,  extending  between  the  values 
00620  and  00738  of  a  second.  This  experiment  affords  clear  evidence  of  a 
very  short  and  partially  responsive  gap.* 

'Ind  experiment.  {Dog  21 B.)  A  sHghtly  impure  flutter  was  started  by 
rhythmic  stimulation  in  a  fully  atropinised  aiuicle.f  It  had  lasted  30  minutes 
when  it  was  tested  by  means  of  make  and  break  shocks  well  above  threshold 
value. J  It  proceeded  for  15  minutes  longer.  The  excitation  wave  flowed 
in  the  same  direction  as  in  the  preceding  experiment  ;  the  recording  contacts 
and  stimulating  electrodes  were  similarly  jilaced  ;  but  the  distance  between 
the  two  was  less  than  1  centimetre.  §  The  rate  of  the  flutter  was  355  per 
minute  and  the  length  of  its  cycle  averaged  01688  of  a  second.  The  result 
is  given  in  Table  XIX.  There  is  but  a  slight  variation  in  the  length  of 
the  cycles  and  no  evidence  that  these  are  altered  in  length  by  the  testing 
shocks. 

This  flutter  ended  spontaneously  at  45  minutes  after  its  onset,  and  the 
original  rhythmic  break  shocks  were  re-applied  in  an  attempt  to  re-estabUsh 
it.  The  attempt  failed  because  the  auricle  failed  to  respond  to-everj-  shock  ; 
a  condition  of  transient  2  :  1  response  was  seen  and  soon  afterwards  2  :  1 
response  became  established.  Now  the  rate  at  which  these  shocks  entered 
the  ainicle  was  the  same  as  had  previously  been  used  successfully  to  induce 
the  flutter.  On  the  previous  occasion  the  auricle  responded  repeatedly 
and  completel}-  to  the  shocks  ;  its  subsequent  failiu-e  to  resjiond  to  the 
original  rate  of  stimulation  immediately  after  the  flutter  had  ended  signifies 
that  the  refractory  period  in  the  auricle  had  risen  a  little  meanwhile,  at 
once  suggesting  that  the  spontaneous  ending  was  brought  about  as  a  result 
of  this  change.  The  ob.servation  was  the  more  fortunate  bccan.se  the  rate 
at  which  the  rhythmic  shocks  were  apjilied  was  almost  precisely  that  of  the 


*  As  the  column  stands,  the  gap  appears  to  be  in  the  centre  of  the  cycle.  Tliis  is  due  to  the 
time  taken  for  the  wave  to  flow  from  the  point  stimulated  to  the  recording  contacts,  2  centimetres 
away.  To  render  the  relation  more  apparent  the  readings  of  the  intrinsic  to  stimulus  intervals 
should  be  moved  on  by  the  amount  of  this  transmission  interval.  As  the  precise  transmission 
rate  is  unknown,  we  prefer  to  leave  the  values  unaltered  ;  but  supposing  the  rate  of  transmission 
to  be  500  millimetres. per  second,  a  fair  supposition,  the  time  taken  to  travel  20  millimetres 
would  be  0-04  of  a  second.  This  addition  would  bring  the  stimuli  giving  response  to  the  end 
period  of  the  cycle. 

t  Such  an  event  is  extremely  imusual,  atropinised  auricles  rarely  show  after-effects,  and  this 
is  the  only  occasion  upon  which  we  have  witnessed  a  long  continued  after-effect. 

i  The  effectiveness  of  the  shocks  was  tested  and  proved  as  soon  as  the  flutter  ended. 

§  Tlie  distance  was  reduced  because  the  auricle  was  atropinised  ;  the  vagus  endings  being 
paralysed,  the  rhythmic  shocks  could  not  influence  the  refractory  period  at  the  recording  contacts. 
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preceding  flutter  (the  rates  were  355  and  359  per  minute,  respectively).* 
A  rise  of  the  refractory  period  would  close  the  gap  between  the  crest  and 
wake  of  the  circulating  wave  and  bring  it  to  an  end.  To  suppose  that  by  a 
slight  rise  the  gap  was  closed,  is  consistent  with  our  failure  to  discover  a 
responsive  period  in  the  muscle  while  it  fluttered  ;  the  gap  may  be  supposed 
to  have  been  almost  negligible. 

3rd  experiment.  {Dog  MD.)  i'luttcr  iiaving  a  rate  of  459  per  minute 
was  produced  in  this  auricle  by  rhythmic  stimulation  of  the  right  appendix. 
The  excitation  waves  were  traveUing  up  the  taenia  and  appendix  ;  the 
flutter  had  lasted  20  minutes,  when  it  was  tested  by  means  of  rhji;hmic 
shocks. I  These  shocks  were  sent  into  the  base  of  the  appendix,  and  records 
of  the  auricular  movements  were  taken  by  means  of  contacts  placed  on  the 
tip  of  the  appendix,  25  milUmctres  away  ;  the  contacts  were  sub.sequcntly 
moved  ([uite  close  to  the  stimulating  electrode  \\-ithout  changing  tlie  result. 
The  flutter  stopjjed  spontaneously  43  minutes  after  its  onset.  As  in  the  last 
experiment,  the  shocks  failed  perceptibly  to  influence  the  length  of  the 
flutter  cycles,  although  they  fell  in  all  phases  of  these  cycles  (Table  XIX). 

In  considering  the  last  two  experiments,  in  neither  of  which  could  the 
extent  of  the  gap  be  determined,  it  is  to  be  remembered  that  the  method  of 
testing  the  auricle  which  was  used  is  comparable  to  the  method  described 
at  page  121.  It  is  subject  to  error,  because  there  is  no  guarantee  that  the 
excitation  waves  are  traveUing  precisely  in  the  hne  of  stimulating  electrodes 
and  recording  contacts  ;  this  method,  which  is  the  only  one  available, 
usually  over-estimates  the  duration  of  the  refractorv  period,  under-estimates 
the  duration  of  the  responsive  gap.  In  both  experiments  the  stimulating 
electrodes  and  recording  contacts  were  arranged  in  a  fasliion  calculated  to 
reduce  the  error  as  far  as  possible,  but,  as  experience  has  shown,  it  is  not 
always  possible  wholly  to  eliminate  it.  We  judge  from  our  inabiUty  to 
demonstrate  the  existence  of  the  gap,  that  the  gap  was  of  very  small 
duration  ;  it  could  scarcely  have  exceeded  two  or  three  hundredths  of  a 
second  in  length. 

*  Tlie  inability  of  the  auricle  to  respond  immediately  after  the  ending  of  the  flutter  to 
stimulation  at  the  rate  of  the  flutter  camidt  !»■  hIIohihI  to  weigh,  in  concluding  that  the  ending 
was  due  to  rise  of  the  refractory  pen-    i        i  '  ■  as  a  whole  is  more  lik>l\    i  >  i      i     ;    !  to 

circulating  excitation  waves  than  to  i    critical  rates,  for  tli>>   f  u,. 

muscle  on  a  broader  front.     The  auri-  J  :  1  response,  as  the  rati      .■  n 

raised,  at  a  somewhat  higher  rate  if  tl  uong.     Although  the  ovirl  ,[  ;  w  ^  i     .  iii,.;s 

of  Tables  II  and  III  are  independent  of  tli.>  stnngtli  of  stimulus,  yet  there  is  no  doubt  that  if 
the  strength  of  shocks  is  not  much  above  threishold,  the  factor  of  strength  of  shock  creeps  in  ; 
but  the  explanation  is  probably  somewhat  different  from  that  underlying  the  phenomenon 
observed  by  Lucas  and  others.  If  fiVjres  under  and  sinr.iunding  the  point  stimulated  are  in  a 
dense  state  of  partial  refractoriness,  the  clum  ii\  the  auricle  as  a  whole  will  be 

greater,  the  more  the  stimulus  spreads  as  an  :-  into  the  muscle.     .\i\  excitation 

wave  started  in  a  few  fibres  responding  at  tli.  ■ 'Instructed  from  spreading,  while 

if  many  surroimding  fibres  also  respond  to  a  .sii  ■,.^.  .     ■    lif  rti:>np<»  of  the  wave  obtaining 

an  outlet  will  be  increased.  We  ex-plain  the  intluoni  >  .  ;  li  .  -  i.  '.-li  :<  -iiinilation  upon  the 
level  of  rate  up  to  which  1  :  I  response  is  maintained  on  il  .  -  in  -  I:,  i  .  itiopinised  auricle, 
an  excitation  wave  which  nnf-c  finds  its  way  from  tin-  ~i  iiiuin  m-  ,  i,,  n,,,!,  ,  to  the  recording 

contacts  alwa\       -  '^  •'-''- auricle  :    1  :  I  respuust- in  one  larue  area  and  2  :  1  responso 

in  another  In:  n.     We  Vjelieve  it  iloes  not  occur  l)ecau.se  a  wave  travelling 

in  the  auricle  i   and  the  channels  open   to  its  .s)3read  are  more  numerous 

than  are  those  |  i'u>n  wave  radiating  from  a  point  of  stimulation. 

■t  Subsequently  tested  and  tound  to  be  well  above  threshold  value. 
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TABLE  XIX. 
Refractory  period  in  auricular  flutter. 


Dog  L  V.     Rate  per  min.  508. 

Dog  MB.    Rate  per  min.  355. 
Average  length  of  cycle 

Dog  MD.    Rate  per  min.  459. 

Average  length  of  cycle 

Average  length  of  cycle 

01180 

in  sees. 

0-1688 

m  sees. 

0-1308 

in  sees. 

Time  from 
preceding 
intrinsic    to 

Length   of 
corresponding 

Time  from 
preceding 
intrinsic  to 

Length    of 
corresponding 

Time  from 
preceding 
intrinsic  to 

Length  of 
corresponding 

stimulus. 

cycle. 

stimulus. 

cycle. 

stimulus. 

cycle. 

Seconds. 

Seconds. 

Seconds. 

Seconds. 

Seconds. 

Seconds. 

0-0009 

0-1219 

0-0027 

0-1702 

0-0013 

0-1348 

00026 

0-1194 

0-0085 

0-1708 

0-0030 

0-1302 

00060 

0-1222 

0-0161 

0-1705 

0-0047 

0-1290 

0  0094 

0-1194 

0-0171 

0-1702 

0-0094 

0-1321 

00117 

0-1146 

0-0215 

0-1681 

0-0138 

0-1308 

00185 

0-1211 

0-0300 

0-1706 

0-0144 

0-1330 

00202 

0-1230 

0-0351 

0-1697 

0-0165 

0-1292 

00253 

0-1143 

0-0393 

0-1694 

0-0186 

0-1308 

00276 

0-1222 

0-0411 

0-1673 

0-0229 

0-1325 

00320 

0-1133 

00560 

0-1714 

0-0231 

0-1287 

0-0356 

0-1173 

0-0630 

0-1709 

00236 

0-1303 

0-0366 

0-1220 

0-0637 

0-1698 

0-0261 

0-1347 

0-0513 

0-1143 

0-0722 

0-1687 

0-0329 

0-1293 

R  0  0576 

01089 

0-0844 

0-1707 

0-0341 

0-1281 

one,  14 

0  1141 

0-0882 

0-1705 

00355 

0-1332 

R  0  0620 

01071 

00926 

0-1684 

0-0369 

0-1341 

R  0  0667 

01104 

0-0970 

0-1709 

0-0404 

0-1282 

R  0  0730 

01065 

01002 

0-1694 

0-0510 

0-1347 

R  0  0738 

01054 

0-1003 

0-1689 

0-0574 

0-1338 

UdTlill 

(11 157 

0-1067 

0-1 69S 

0-0655     - 

0-1307 

R  0  0778 

01103 

0-1191 

0-1707 

0-0678 

0-1289 

00830 

01163 

0-1213 

0-1658 

0-0684 

0-1348 

0-0831 

01207 

0-1269 

0-1719 

0-0735 

0-1346 

00862 

0-1181 

01303 

0-1684 

0-0739 

0-1287 

0-0874 

0-1208 

0-1363 

0-1683 

0-0784 

0-1282 

0-0910 

0-1209 

0-1499 

0-1695 

0-0813 

0-1352 

00913 

0-1170 

0-1516 

0-1696 

0-0815 

0-1292 

00945 

0-1158 

0-1646 

0-1657 

0-0844 

0-1318 

0-1000 

0-1150 

0-1681 

0-1687 

0-0873 

0-1318 

0-1042 

0-1200 

0-0886 

0-1300 

0-1058 

0-1241 

0-0908 

0-1272 

0-1128 

0-1164 

0-0938 
0-0942 
0-0988 
0-0996 
0-1112 
0-1157 
0-1207 
0-1280 
0-1340 

0-1299 
0-1338 
0-1300 
0-1291 
0-1331 
0-1326 
0-1343 
0-1283 
0-1358 

In  a  previous  article^  it  has  been  .stated  that  flutter  may  sometimes  be 
brought  to  an  end  by  applying  rhythmic  shocks  to  the  auricle  (Table  XX)  ; 
it  has  also  been  stated  that  rhythmic  stimulation  may  on  other  occasions 
produce  no  such  effect.  These  observations  have  been  confirmed  in  the 
present  series  of  experiments  ;  much  more  frequently  than  not  the  flutter 
continues  uninterruptedly.  The  reason  why  flutter  is  brought  to  an  end 
on  one  occasion  and  not  on  another  has  been  discussed  in  a  previous  article  ; 
these  observations  and  the  explanation  previously  given  harmonise  with  our 
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recent  observations  upon  the  length  of  the  gap.*  The  gap  pro\-ing  to  be  a 
short  one,  it  is  to  be  expected  that  rh\-thmic  shocks  apphed  would  very 
rarely  terminate  the  flutter,  even  though  the  cycles  are  to  a  slight  extent 
disturbed,  as  in  the  first  experiment  here  related. 


Dog  KU. 


Impure  flutter 

(rate  about  514  per 
min.). 


Brought  to  an  end  by  : 


A  series  of  about  20  rhythmic  shocks  at 
a  rate  of  277  per  minute  in  each  instance. 


Dog  Lit. 


Impure  flutter 

(rate  about  409  per 
min.). 


10-15  rhythmic  shocks  (rate  367  per 
minute). 

.A.  series  of  about  20-30  rhythmic  shocks 
(rate  367  per  min.),  after  several 
unsuccessful  applications. 


Dog  L  Y.  Slight  impure  flutter 

(rate  about  491  per 
min.). 


90  mins.  .A  series  of  make  and  break  shocks  (rate 

193  per  min. ),  after  several  unsucceasf ul 
applications. 

58  mins.  A  series  of  rhythmic  shocks  (rate  200  per 

min.).    after    several  unsuccessfiil   ap- 


In  pure  flutter  in  the  dog  the  rate  Ues  usually  between  350  and  450  per 
minute,  the  length  of  the  cycles  h"ing  usually  between  0- 17  and  0- 13  of  a  second  ; 
the  duration  of  the  gap  of  responsiveness,  or  partial  respon.siveness,  is 
probably  lo.=:s  than  007  of  a  second  at  the  lowest  rate,  and  less  than  003 
at  the  highest  rate.  These  values  are  obtained  by  subtracting  010  of  a 
second,  the  approximate  value  of  the  effective  refractory  psriod. 

For  human  flutter  the  rates  are  200  to  350,  and  the  auricular  cycles 
have  a  length  of  from  0-3  to  017  of  a  second  ;  that  is  so  because  the  length 
of  the  muscle  paths  is  longer  in  the  human  then  in  the  dog's  heart.  Assuming 
that  the  refractory  period  of  human  auricular  muscle  is  not  appreciably 
greater  than  that  of  the  dog's  muscle,  for  similar  heart  rates,  then  it  would 
seem  that  the  length  of  the  gap  of  responsiveness  or  partial  responsiveness 
in  human  flutter  may  be  greater  than  in  flutter  as  it  occurs  in  experiment 
upon  the  dog.^f" 


*  In  the  previous  article,  however,  the  duration  of  the  gap  was  much  over-estimated  in  the 
footnote  to  page  327. 

+  The  use  of  atropine  as  a  therapeutic  remedy  in  flutter  suggests  itself,  but  if  the  gap  is  long 
atropinisation  might  fail  to  close  it  and  bring  the  flutter  to  an  end.  Atropine  is  not  a  remedy  to 
give  lightly  in  flutter,  for  it  might  dangerously  enhance  the  ventriculeir  rate,  unless  its  use  were 
confined  to  cases  of  flutter  exhibiting  a  high  grade  of  block.  In  these  it  should  certainly  be  tried 
in  full  doses. 
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Production  of  flutter.  In  a  previous  article  it  has  been  pointed  out 
that  when  as  a  result  of  high  rates  of  stimulation  the  transmission  intervals 
begin  to  increase  and  the  curves  of  direct  leads  begin  to  be  irregular,  a 
stage  has  been  reached  at  which  "  after-effects "  of  stimulation  are 
anticipated.  In  that  article,*  the  \\e\\  was  held  that  a  stage  had  been 
reached  at  which  local  blocks  were  instituted,  whereby  tlie  excitation  ^\aves 
were  from  time  to  time  forced  to  travel  in  a  single  direction.  This 
unidirectional  course  is  theoretically  necessarj'  to  the  onset  of  flutter.  The 
nature  of  tliese  barriers  has  now  become  clear :  they  are  barriers  of 
refractory  muscle.  The  circus  movement  n-hich  underlies  flvller  is  provoked 
when  an  effective  shock  enters  auricular  muscle  irhile  the  latter  is  iti  a  critical 
condition.  The  critical  condition  is  the  condition  of  ])artial  refractoriness, 
brought  about  by  a  high  rale  of  beating. 

Note. — In  curves  from  the  frog's  auricle  published  by  Engelmann 
(Archiv.  f.  Anof.  u.  Physiol.,  1902,  Physiol.  Abth.,  Suppl.  Bd.,  1),  com- 
parable curves  to  that  of  Fig.  13  of  the  present  paper  are  shown.  They 
are  ascribed  by  Engelmann  to  a  "  positive-bathmotropic  "  effect  of-  the 
vagus,  by  which  he  means  that  excitability  was  raised  under  vagal 
stimulation.  In  the  light  of  our  experiments  this  explanation  is  clearly 
untenable.  Engelmann  had  not  to  deal  with  raised  excitabihty  but  with 
shortened  refractory  period.  The  particiilar  figures  referred  to  (Figs.  9  to 
12  of  his  paper)  form  the  chief  evidence  in  support  of  his  famous  theory  that 
'•  excitabihty  "  and  "  contractihty  "  are  wholty  independent  functions  of 
cardiac  muscle  ;  for  these  curves  purport  to  show  the  coincident  appearance 
of  "positive-bathmotropic"  (raised  excitability)  and  "  negative-inotropic  " 
(lowered  contractility)  effects.  In  point  of  fact  they  do  not  do  so. 
If,  as  we  believe,  the  remaining  evidence  of  his  paper  is  equally  open 
to  objection,  the  case,  which  Engelmann  states  in  this  paper,  falls  to 
the  ground  ;  in  any  case  it  is  very  materially  weakened  by  our  present 
observations. 


Summary  of  chief  conclusions. 


;'s  auricular  muscle  beating  at 
one-fifth  or  one-sixth  its  full 


1.  The  absolute  refractory  period  of  c 
rates  of  about  200  per  minute  is  reduced 
value  by  vagal  stimulation. 

2.  The  absolute  refractory  period  of  the  atropinised  auricle  is  reduced 
by  increase  of  the  auricular  rate  up  to  about  290  per  minute  :  after  this  rate 
is  passed  tlie  measure  of  the  refractory  period  remains  the  same  or  increases, 
owing  to  the  development  of  a  phase  of  partial  refractoriness. 

3.  Succeeding  shocks  fall  during  the  partially  refractory  phase  when 
stimulation   rises   to   this   approximate   rate,   consequently   the   electrogram 
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becomes  irregular  and  the  rate  at  which  the  excitation  wave  is  transmitted 
from  point  to  point  of  the  muscle  falls.  Shortlj'  the  auricle  fails  to  respond 
to  some  of  the  stimuli. 

4.  The  vagus  has  no  influence  on  fibre  conduction  in  the  dog's  auricle. 

5.  If  the  speed  at  which  excitation  waves  are  transmitted  from  point 
to  point  in  the  auricle  is  lowered  as  a  result  of  the  high  rate  of  response  of  the 
muscle,  vagal  stimulation  raises  the  speed  to  its  normal  level.  It  does  so  by 
reducing  the  refractory  period.  The  defects  in  conduction  ^ritnessed  in 
auricles  responding  to  high  rates  of  stimulation  are  produced  by  barriers  of 
refractory  muscle. 

(J.  When  in  flutter  and  in  impure  flutter  the  speed  at  which  tiie 
excitation  waves  are  transmitted  from  point  to  point  is  observed  to  be 
reduced,  or  when,  in  tiie  last  condition,  the  excitation  waves  are  propagated 
along  sinuous  courses,  the  crests  of  the  waves  are  flowing  through  muscle 
in  a  partialh'  refractory  state.  The  excitation  waves  are  impeded  by  smaller 
or  larger  barriers  of  refractory  muscle. 

7.  In  flutter,  produced  experimentally  in  the  dog's  auricle,  the  gap 
between  the  crest  of  the  circulating  wave  and  its  wake  of  absolute  refrac- 
toriness is  a  short  one. 

8.  Atropine  is  without  effect  on  fibre  conduction,  but  by  abolisliing 
vagal  tone  it  raises  the  length  of  the  refractorj^  period,  and  would  tend  in  the 
fluttering  auricle  to  close  the  gap. 

9.  The  circus  movement  which  underlies  auricular  flutter  is  provoked 
when  an  effective  stimulus  enters  the  muscle  while  the  latter  is  in  a  partially 
refractory  state. 

10.  The  observations  here  recorded  explain  certain  effects  witnessed 
by  Engelmann,  effects  which  he  appears  to  have  wrongly  interpreted,  and 
upon  which  he  chiefly  based  his  conclusion,  that  "  excitability  "  and 
"  contractility  "  are  wholly  independent  properties  of  cardiac  muscle. 
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Tlie  standard  of  the  following  electrograms  is  approximately  1  centimetre  =  :i  millivolts. 


FIrs.  7  nncl  S.       I)t:(i  MH.     (Rccoril.i  57  and  oii. : 
shocks.      r6~  rhythmic    break    shocks ;    6 
electrograms  taken   hv  a  direct  lead  from  tin 
seeoiid.  Fig.  I  shows  none  at  0-110  of  a  secom 


■  'it  i-ach  figure  signals  the 
k  The  lower  curves  are 
'"  -  ii  response  at  0127  of  a 

tli^  cif  a  second. 


n  Sfumsz  /'m  cUti^/c/J: 


m^^^fm^^^^^^ 


Fig.  9  Dog  M  H.  (Record  52.)  A  siniilar  curve,  showing  response  after  an  interval  of  0-0397 
n!„lH?r°"  T."  "  >e  «m-.cle  IS  under  vagal  stimulation.  Tlie  response  is  not  single,  but 
multiple.      1  his  multiple  response  under  vag.-l  stimulation  is  frequent     ■ 


ill  be  spoken  of 
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below.      Th..  ,■!...,.._,,,,,,  -I„.»-  ,,,._mI,,,,,v    ,n  iI,..  I,.,_I,,-  ,,•   :-  ■;.-:,      i,  .|..,-tions ;    this 

Fig.    11.      DofiMK.      (/?(,■,»■-/   11.)      A   similar  electrogi-am  of  an  auiiile  respoiuling  to  rhythmic 
break  shocks  at  a  rate  of  386  per  minute  :  under  vagal  stimulation  the  amplitude  of  the 
deflections  becomes  constant.       F  =  ventricular  effect.     Time  lines  in  fifths  of  a 
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Fig.  12.  Dog  MF.  {Record  41.)  Simultaneous  electrograms  from  two  pairs  of  contacts  placed 
ill  line  with  stimulntinj  flf.t.o.l.s.  i /'  .iirv  iioi,,  |,r-,,Niiiuil.  iiiiii  I)  cuiv..  Iimn  distal 
pair.)     Tlie  auricle  ,-  i        .  i  >:,;.,•,•:,,;         -     i  -nv  on 

the  proximal  curvi-  -  Jhe 

stimulii 
intervals  abovf 


Fig.  13.  Dog  MB.  (Records.)  Tlie  auricle  is  being  stimulated  at  a  rate  of  510  per  minute, 
and  responds  to  each  second  stimulus  until  the  vagus  is  stimulated  ;  1  :  1  response  then 
appears  and  continues  while  vagal  stimulation  lasts.  The  stimulus-intrinsic  intervals  are 
written  on  the  ciu-ve  in  decimal  points  of  a  second.     Time  lines  in  fifths  of  a  second. 
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OBSERVATIONS  UPON  FLUTTER  AND  FIBRILLATION. 
Pakt  VIL— THE  EFFECTS  OF  VAGAL  STIMULATION.* 

By  THOMAS  LEWIS,  A.  N.  DRURY  and  H.  A.  BULGER. 

(  Un  iters  ill/  College  Hospital  Medical  School.) 

Any  theory  intended  to  explain  flutter  and  fibrillation,  must,  if  sound, 
be  capable  of  explaining  the  reactions  of  flutter  and  of  fibrillation  to  special 
interferences  ;  and  the  theory  as  a  whole  will  stand  or  faU  according  as  it  is 
found  to  be  compatible  or  incompatible  with  such  reactions.  The  more 
complex  and  varied  the  reactions,  the  more  searchingly  mil  the  main  theory 
be  tested.  The  reactions  of  flutter  and  fibrillation  to  vagal  stimulation 
subject  the  tlieory  to  stringent  tests,  since  the  reaction  of  these  states  to 
vagal  stimulation  is  both  complex  and  manifold. 

Some  of  these  reactions  are  already  well  known,  others  have  been 
described  in  insufficient  detail.  Thus,  when  the  auricles  are  fibrillating, 
vagal  stimulation  usually  produces  what  appears  to  be  a  higher  grade  of 
disturbance.  The  auricle,  already  presenting  coarse  and  irregular  twitching 
movements  of  its  surface,  now  becomes  distended,  and  very  small  tremulous 
movements  become  visible.  These  small  twitching  movements  are  powerless 
to  move  even  light  lever  systems.  Coincident  with  their  appearance,  the 
oscillations,  ranging  in  rate  from  some  400-000  per  minute,  which  characterise 
the  electrocardiogram  of  fibrillation,  disappear  and  are  replaced  by  much 
more  rapid  and  smaller  oscillations  having  rates  ranging  from  1,000  up  to 
3,000  per  minute.  This  reaction  is  well  known  to  most  observers  who  have 
worked  at  fibrillation  of  the  auricle.  •  For  descriptive  purposes  we  shall 
refer  to  this  condition,  in  which  o.scillations  of  these  extreme  rates  prevail, 
as  the  state  of  rapid  re-excitation.  The  fine  tremulous  movement  of 
the  faradised  auricles,  under  vagal  .stimulation,  was  first  noticed  by 
Mc William^  ;  the  replacement  of  the  usual  coarse  oscillations  of  fibrillation 
by  smaller  and  extremely  rapid  oscillations  in  electrocardiograms  taken 
from  hmb  leads  in  similar  circumstances  v/as  first  described  by  Rothberger 
and  Winterberg"  and  Lewis.*  A  series  of  excellent  curves  depicting  this 
change  has  been  pubUshed  by  Robinson.* 

*  Observations  undertaken  on  behalf  of  the  Medical  Research  Council. 
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A  similar  reaction  lias  been  recorded  in  instances  where  the  auricles 
were  originally  in  a  state  of  flutter,  notably  by  Rothberger  and  Winterberg 
in  their  recent  pajjer.!"  The  reaction  is  in  the  main  responsible  for  the  belief 
that  flutter  may  be  converted  into  fibrillation  by  stimulation  of  the  vagus. 

But  other  and  curious  reactions  are  seen  from  time  to  time.  Thus,  it 
has  been  repeatedly  recorded  that  on  occasion  fibrillation  may  be  brought 
to  an  abrupt  termination  by  vagal  stimulation,  or  that  the  normal  auricular 
rhythm  is  restored,  after  long-continued  fibrillation,  within  a  short  interval 
of  vagal  stimulation  (McWilliam,®  Cushny,'^  Garrey,^  Robinson*).  On  the 
other  hand  it  has  been  reported  that  stimulation  of  the  vagi  (by  means  of  a 
faradic  current,  or  by  drugs  known  to  excite  the  vagus)  may  dispose  a 
normally  beating  auricle  to  fibrillate  without  other  interference  ;(Winterberg,'i 
Cushnyi'^  and  Robinson^).  Fibrillation  of  the  auricles  sometimes  follows 
section  of  the  vagi  according  to  Cushny  and  Garrey.  All  these  reactions, 
with  the  exception  of  the  last,  have  been  seen  in  our  present  experiments. 
The  apparently  contradictory  effects  have  naturally  given  rise  to  discussion 
and  to  some  scepticism.  The  obvious  difficulty  of  explaining  effects, 
seemingly  diametrically  opposed,  has  sometimes  led  to  the  behef  that  many 
of  the  rarer  sequelae  have  been  accidental  and  not  brought  about  by 
interference  v.'ith  the  nerves.  We  believe  them  all  to  be  true  reactions, 
and  that  there  is  no  real  incompatibihty.* 

Our  detailed  observations  have  been  confined  to  the  reactions  of  pure 
flutter,  and  the  less  complex  varieties  of  impure  flutter,  to  vagal  stimulation, 
for  these  alone  have  seemed  to  us  capable  of  satisfactory  analysis,  and,  being 
analysed,  seem  to  explain  sufficiently  the  similar  reactions  of  the  closely 
allied  condition  called  fibrillation.  When  the  auricles  are  in  flutter  (pure  or 
impure)  and  this  state  has  been  continued  for  periods  sufficiently  long,  vagal 
stimulation  produces  changes  of  three  distinct  types  : — 

1.  A  very  gradual  and  uniform  increase  of  the  rate  of  auricular 
movement  followed,  when  stimulation  ceases,  by  a  decline  ;  the  rate  falling 
again  to  its  previous  level. 

2.  The  increase  of  rate  just  described  may  be  broken  into  more  or  less 
abruptly  by  the  onset  of  a  state  of  rapid  re-excitation,  wliich  terminates 
when  vagal  stimulation  is  withdrawn  by  a  gradual  return  to  lower  rates. 
From  these  lower  rates  the  auricle  resumes  its  former  state  of  flutter  or 
adopts  abruptly  its  normal  rhythm. 

3.  Abrupt  cessation  of  the  disorder,  followed  by  an  immediate 
resumption  of  the  normal  heart  rhythm. 

Sometimes  even  powerful  vagal  stimulation  appears  to  be  without  effect 
on  the  rhythm  of  the  fluttering  auricle. 

*  In  considering  the  reports  of  other  writers,  it  is  often  difficult  or  impossible  to  realise  the 
precise  form  of  auricular  disturbance  witli  which  they  had  to  deal,  owing  to  its  insufficient  analysis. 
Much  of  the  confusion  probably  arises  from  tliis  source,  and  especially  from  the  fact  that  the 
temporary  state  of  rapid  re-excitation,  and  the  coarser  and  often  much  longer  continued  disorder, 
have  both  been  termed  fibrillation  in  the  past. 
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1.   Gradual  increase  of  rate. 

A  gradual  acceleration  of  rate  appears  to  be  the  commonest  reaction 
of  the  fluttering  auricle  to  vagal  stimulation,  but  it  is  not  often  seen  in  an 
uncomplicated  form  unless  the  stimulation  is  weak.  It  was  a  reaction 
emphasised  by  Rothberger  and  Wintcrberg.^"  An  example  is  shown  in 
Fig.  4.  Tlie  flutter  had  lasted  a  minute  and  three-quarters  when  the  right 
nerve  was  stimulated*  ;  stimulation  started  as  the  plate  was  released  and 
the  effect  on  the  ventricle,  as  the  figure  shows,  was  not  profound.  In  the 
beginning  of  the  curve  from  lead  //,  the  top  curve  of  the  figure,  the  ventricle 
is  seen  to  be  responding  to  the  alternate  beats  of  the  auricle  ;  in  the  later 
parts  of  the  curve  the  ventricular  action  is  .slower.  The  remaining  curves 
of  the  figure  were  taken  from  paired  contacts  placed  upon  and  in  line  with 
the  taenia  in  the  mid-caval  region,  the  top  pair  Ijnng  towards  the  superior 
cava  and  giving  ciu-ve  S,  and  the  bottom  pair  towards  the  inferior  cava 
and  giving  curve  /.  The  Z  contact  of  each  pair  lay  towards  the  inferior 
cava  ;  the  two  being  separated  by  a  distance  of  8  millimetres.  The  course 
of  the  excitation  waves  from  the  sujierior  towards  the  inferior  caval  region 
is  indicated  by  the  downward  direction  of  the  deflections  in  the  curves  from 
both  direct  leads  and  by  the  sHght  delay  in  the  appearance  of  the  deflections 
in  the  curve  ( /)  from  the  lower  contacts.  The  interval  is  about  001  of  a 
second  ;  so  that  if  we  assume  the  excitation  waves  to  have  travelled  in  the 
precise  fine  of  the  contacts,  the  transmission  rate  would  be  about  800 
millimetres  per  second.  The  regularity  of  the  deflections  in  form  and  direction 
is  maintained  throughout  both  curves,  but  the  cycles  shorten  gradually 
as  the  curve  proceeds,  namely  from  00943  at  the  beginning  to  0087 1  at  the 
end.t  In  this  instance  the  transmission  intervals  remain  unaltered^ 
throughout  the  whole  curve  ;  these  are  written  below  the  centre  curve. 
Shortly  after  the  curve  was  taken,  the  normal  heart  rh\-thm  was  abruptly 
resumed.  The  reaction  of  acceleration  was  obtained  repeatedly  in  the  same 
animal,  and  has  been  seen  repeatedly  in  other  animals  (see  Protocols). 
Sometimes  the  effect  can  be  obtained  over  and  over  again  during  a  single 
period  of  flutter,  the  acceleration  subsiding  and  the  original  form  of  flutter 
being  resumed. 

A  second  example  is  shown  in  Fig.  5,  which  is  very  similar  to  that 
described.  The  conditions  of  this  experiment  were  similar  ;  the  two  pairs 
of  contacts  lay  in  the  mid-caval  region  and  on  the  fine  of  the  taenia,  but  the 
Z  contact  of  each  pair  was  in  tliis  instance  the  upper  one.  The  flutter  was 
not  a  pure  one,  as  the  variation  in  the  lengths  of  the  cycles  in  the  opening 

*  The  dogs  used  in  the  experiments  described  in  tliis  paper  were  all  fully  ansesthetised  with 
morpliia,  paraldehyde  and  ether  throughout  the  experiments. 

t  The  lengths  of  the  interintrinsic  cycles  are  written  immediately  above  the  curves  to  which 
they  correspond. 

I  Frequently  they  shorten  as  the  vagus  takes  effect. 
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phase  of  the  curve  demonstrates.*  The  circus  movement  appears  from  this 
curve  to  have  been  around  one  or  other  cava,  it  enters  the  taenia  at  a  point 
between  the  two  pairs  of  contacts  and  spreads  in  opposite  directions  over 
them,  upwardly  over  the  top  pair,  downwardly  over  the  lower  pair.  The 
upper  pair  of  contacts  is  encountered  a  little  before  the  lower  pair.  Right 
vagal  stimulation,  the  onset  of  which  is  marked  on  the  curve,  slows  the 
ventricle  ;  at  the  beginning,  its  responses  are  to  alternate  auricular  beats, 
at  the  end  they  are  to  each  sixth  auricular  beat.  The  auricle,  on  the  contrary, 
quickens  its  movements  gradually  but  unmistakably,  (the  cycles  shorten 
from  Oil  to  007  of  a  second).  The  curve  is  thus  similar  to  the  last  in 
showing  gradual  acceleration,  though  the  acceleration  is  here  greater  ;  it 
differs  from  the  last  in  that  the  intervals  between  corresponding  deflections 
in  the  two  curves  change  ;  from  small  plus  values  they  dimimshf  to  zero,  and 
eventually  become  minute  minus  quantities.  Coincident  with  the  change  of 
rate  there  has  been  a  minor  change  of  direction  ;  we  say  minor,  because  the 
forms  of  the  deflections  in  the  two  leads  do  not  alter  very  materially.  The 
chief  change  to  be  noticed  in  the  forms  of  the  deflections  is  that,  as  the  curve 
proceeds,  they  become  more  regular  ;  the  impurity  of  the  flutter  prevailing 
before  the  vagus  was  stimulated  vanishes  under  that  stimulation. 

The  reason  why  flutter  gradually  accelerates  under  vagal  stimulation 
is  not  difficult  to  understand,  once  the  relation  of  the  flutter  cycle  to  the 
refractory  period  and  transmission  rate  of  the  muscle  in  w  hich  it  is  occurring 
is  fully  grasped.  In  preceding  articles  of  this  series  it  has  been  shown  that, 
in  auricular  flutter,  the  wave,  as  it  circulates,  flows  through  muscle 
wliich  has  not  completely  recovered  its  responsive  state.  The  crest  of  the 
wave  is  following  very  closely  upon  its  own  wake.  The  wave  does  not  flow 
in  as  linear  a  path  through  the  muscle  as  it  otherwise  would  ;  its  path  is 
more  or  less  sinuous.  In  frankly  impure  flutter  the  sinuosities  are  often  so 
coarse  that  ilirect  e\'idence  is  obtained  of  them.  In  examples  of  flutter  in 
which  the  deflections  of  the  electrogram  are  regular  in  ami>Utude  and  rhythm, 
the  sinuosity  of  the  path  is  microscopic  ;  it  leads,  as  docs  the  coarser  sinuosity, 
to  a  decreased  rate  of  propagation  from  point  to  point  in  the  auricle.  We 
know  from  direct  observation  that  excitation  waves  initiated  in  sufficiently 
rapid  sequence  in  the  auricle,  whether  these  excitation  waves  arise  from  a 
re-entrant  path  (as  in  flutter)  or  from  artificial  stimulation  at  liigh  rates, 
are  propagated  slowly  ;  all  our  e\ndence  goes  to  show  that  the  slow  rate  of 
transmission  is  brought  about  by  gjTations,  which  are  in  turn  conditioned 
by  barriers  of  refractory  muscle,  of  larger  or  smaller  size,  standing  in  the 
direct  path  of  the  wave  and  deflecting  it  to  one  or  other  side.  We  also 
know,  in  the  case  of  the  artificially  proiiagated  waves,  that  vagus  stimulation, 
by  reducing  the  length  of  the  refractory  phase,  removes  these  barriers,  thus 

*  The  lengths  of  the  cycles  in  the  upper  curve  are  written  vertically  above  it,  those  of  the 
lower  curve  are  written  horizontally  below  it,  the  transmission  intervals  are  written  vertically 
between  them  ;  a  plus  quantity  indicates  that  the  upper  deflection  precedes  the  lower. 

■f  Simple  diminution  may  be  seen  without  alteration  in  the  form  of  the  deflections. 
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straightening  the  course  and  expediting  the  rate  at  wliich  the  waves  are 
transmitted.  Therefore,  in  instances  of  flutter,  where  the  rate  of  transmission 
is  slow  from  point  to  point,  vagal  stimulation  may  be  anticipated  to  advance 
the  rate  of  circulation.  To  state  the  matter  more  generallj-,  if  the  rate  of 
transmission  from  point  to  point  in  flutter  (pure  or  impure)  is  lower  than  it  is 
in  the  normally  beating  heart,  it  is  lower  because  the  path  along  which  the 
wave  travels  is  not  clear  of  obstacles  ;  the  rate  of  transmission  \rill  become 
normal,  that  is  to  say  it  wiU  increase,  when  by  vagal  stimulation  these 
obstacles  are  removed.  There  is  no  reason  to  beUeve  that  all  the  obstacles 
will  be  removed  at  the  same  instant  or  that  their  removal  \^-ill  be  abrupt ; 
there  is  much  evidence  to  show  that  they  will  disappear  piecemeal.*  .4 
fortiori,  an  abrupt  change  of  rate,  is    not    to   be  anticipated   when   vagal 


Fig.   1. 
A  diagram  illustrating  how  flutter  may  be  controlled  by  the  length  of  the  refractory  period. 

stimulation  is  relatively  weak,  or  when  its  observed  effect  upon  the  ventricle 
is  a  gradually  increasing  one.  It  is  in  these  circumstances  that  the  gradual 
and  continued  change  just  described  is  usualh'  \\-itnessed. 

There  can  be  httle  doubt,  therefore,  as  to  the  manner  in  which  gradual 
acceleration  of  auricular  flutter,  in  response  to  vagal  stimulation,  is  in  many 
instances  brought  about.  Decreased  rates  of  propagation,  however,  are 
not  always  to  be  demonstrated  in  pure  flutter,  and,  in  such  instances,  the 
explanation  which  we  have  given,  would  not  suffice.  Gradual  acceleration 
of  rate  requires  a  somewhat  different  explanation  in  such  circumstances. 

The  second  explanation  wliich  is  adopted  to  explain  why  vagal 
stimulation  may  produce  a  gradual  and  regular  acceleration  of  flutter  is 
illustrated  by  the  accompan\-ing  diagram.     Three  factors  are  involved  in 

*  Thus,  when  the  auricle  is  responding  to  rapid  stimuli,  and  the  rate  of  transmission  is  lowered, 
vagal  stimulation  does  not  at  once  increase  the  rate  of  transmission  to  normal ;  stimulation  must 
usually  be  maintained  if  the  full  effect  is  to  be  observed. 
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the  maintenance  of  a  circus  movement,  namely,  the  length  of  the  muscle 
path,  the  rate  of  propagation  and  the  duration  of  the  refractory  period. 
When  these  three  factors  are  suitably  related  the  excitation  wave  will  pass 
upon  its  circular  path  continuously.  Let  us  suppose  in  Fig.  1  that  the 
central  path  chosen  by  the  wave  is  represented  by  a  uniformly  circular 
path,  abc,  and  the  factors  are  such  that,  at  a  given  instant,  the  crest  of  the 
advancing  wave  is  at  b,  while  the  effective  refractory  state  is  subsiding  at  c. 
There  is  a  segment  (be)  of  the  ring  of  muscle  wliich  at  a  given  moment  is 
in  the  responsive  state.  Suppose  two  factors,  nameh',  the  rate  of  projaagation 
and  the  length  of  the  refractory  period  to  be  constant,  but  that  the  central 
wave  were  to  become  deflected  into  the  circular  path  ade,  then  the  .segment  of 
responsive  muscle  h^ing  between  the  crest  (d)  of  the  advancing  wave  and  the 
tail  (e)  of  the  retreating  wave  of  refractoriness  would  be  shortened.  Let  the 
wave  be  deflected  into  a  still  shorter  circle  (such  as  af  or  ag)  and  the  gap  will 
disappear  altogether.  It  wiU  be  clear  that  in  such  circles  of  muscle  a  circus 
movement  cannot  be  estabUshed.  Now  suppose  that  all  four  circles 
represent  possible  paths  in  a  single  sheet  of  muscle,  and  that  all  are  open  to 
the  wave ;  the  wave  will  pass  through  all,  but  its  maintenance  as  a 
circulating  wave  will  depend,  not  on  the  central  rings  of  muscle,  but  upon 
the  peripheral  ones  ;  in  the  inner  rings  the  crest  of  the  wave  will  run  into 
muscle  which  is  still  refractory  and  no  further  progress  \\\W.  be  possible, 
wliile  in  the  outer  rings  a  gap  of  varjing  extent  \\\\\  permit  the  wave  to 
re-enter.  At  some  point  between  rings  af  and  abc,  crest  and  tail  wiU  be 
brought  into  juxtapcsition  ;  in  an  immediately  neighbouring  ring  of  muscle, 
the  shortest  re-entrant  path  will  be  found.  The  gap  in  the  rings  of  muscle 
taken  together  will  be  represented  by  a  wedge  bxc,  and  the  shortest  path  of 
re-entry  will  be  across  the  point  of  the  wedge  at  x.  Suppose  that  such  is  the 
condition  of  affairs  during  the  progress  of  a  given  period  of  flutter  and  that 
the  wave  is  circulating  aromid  the  superior  vena  cava,  and  between  this 
vessel  and  the  inferior  vena  cava.  That  is  a  condition  which  has  been 
observed  in  experiment.  In  such  a  case  the  rate  at  which  the  circuits  are 
completed  ^^ill  be  governed  by  the  three  factors,  the  rate  of  propagation, 
the  duration  of  the  refractory  period  and  by  the  length  of  the  path  through 
the  point  x.  Seeing  that  in  the  ring  of  muscle  hnng  immediately  beyond  .r 
the  gap  is  just  open,  the  length  of  the  path  is  actually  controlled  by  the 
duration  of  the  refractory  period.  Thus,  in  these  circumstances  the  duration 
of  the  cycle  is  estabhshed  by  two  factors,  namely,  the  rate  ot  propagation 
and  the  duration  of  the  refractory  period.  If  the  flutter  is  such  that  the 
rate  of  travel  is  normal,  then  vagal  stimulation  wiU  influence  the  second 
factor  only.  The  transmission  rate  remains  unchanged  ;  the  refractory 
period  becomes  shorter.  As  the  refractorj'  period  shortens,  so  the  wedge 
bxc  is  driven  in,  and  its  point  comes  to  he  first  at /and  then  at  g  ;  the  circular 
paths  in  which  re-entry  can  be  eftected  become  more  numerous  and  shorter 
paths  are  opened  up.  Let  the  change  in  the  refractory  period  be  a  gradual 
one,  and  the  inevitable  result  -nill  be  a  gradual  movement  of  one  limb  of  the 
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central  path  from  the  region  of  the  inferior  to  the  superior  cava,  a  gradual 
shortening  of  tliis  path,  a  gradual  shortening  of  the  cycles,  and  a  gradual 
acceleration  of  tlie  auricular  responses.  It  is  to  be  concluded  then  that 
gradual  acceleration  of  flutter  under  vagal  stimulation  may  occur  in 
instances  of  flutter  in  which  the  original  rate  of  propagation  is  normal.  We 
suppose  that  the  wave  is  circulating  in  a  sheet  of  muscle  around  a  natural 
opening,  but  that  before  vagal  stimulation,  the  refractory  period  is  of  such 
duration  that  the  opening  is  not  closely  encircled,*  that  it  becomes  closely 
encircled  under  the  influence  of  nerve  stimulation  and  that,  tliroughout 
the  change,  the  length  of  the  cycles  is  governed  exclusively  by  the  gradually 
diminishing  refractory  period.  It  is  not  to  be  supposed  that  the  superior 
cava  is  the  only  natural  orifice  around  which  short  circus  movements 
become  established :  but  we  use  it  as  our  illustration,  because  it  is  the 
opening  included  in  most  of  the  larger  circuit  movements  which  have  been 
observed  in  detail. 

Curves,  taken  from  the  tsenia  during  the  period  of  vagal  acceleration, 
not  uncommonl}^  bear  witness  to  a  gradual  and  simultaneous  change  in 
the  dii-ection  which  the  waves  take  (see  Fig.  5),  and  this  change  seems 
consistent  with  the  hypothesis  which  we  have  now  discussed. 

In  principle  the  second  explanation  does  not  differ  from  that  first  put 
forward.  Both  suppo.se  that  quickening  of  the  circus  movement  is  due  to 
shortening  of  the  central  path  ;  both  assume  that  this  shortening  results 
from  a  reduced  refractory  period.  The  second  explanation  assumes  that  the 
central  wave  short-circuits  a  mass  of  muscle  hitherto  refractory  to  the 
re-entrant  wave,  the  first  that  it  bridges  a  number  of  minute  refractory 
barriers  ;  it  is  beheved  that  both  these  factors  are  brought  into  play,  at  times 
singly,  at  times  together. 

When  we  explain  the  increase  in  rate  as  due  to  the  reduction  of  the 
refractory  period  under  vagal  stimulation,  we  use  the  explanation  first 
suggested  b\'  Rothberger  and  Winterbcrg.'"  In  their  paper  the}'  urge  that  a 
reduction  of  the  refractory  period  may  be  the  cause.  But  these  workers 
had  no  direct  evidence,  such  as  we  have  since  obtained,  that  vagal 
stimulation  exerts  this  influence. "f"  Their  paper  failed  also  to  explain  how 
the  reduction  of  tiie  refractory  period,  wliich  is  assumed,  could  produce 
acceleration  of  the  auricle  ;  it  does  not  concern  itself  with  circus  movement, 
but  infers  that  the  impulses  spring  from  a  focus. 

*  If  the  openings  aroimd  wliich  a  flutter  wave  was  circulatory,  were  closely  encircled,  vagal 
stimulation  might  be  without  effect  ;  the  latter  is  oooasionally  the  case. 

t  Tliey  appear  to  have  relied  in  the  main  vipoii  a  curve  published  by  Samojloff  in  which  a  very 
conspicuous  reduction  in  the  length  of  the  \entricular  complex  in  an  electrogiain  of  the  frog's 
ventricle,  responding  to  rhythmic  stimulation,  is  shown  under  vagal  stimulation.  Such  evidence 
did  not  appeal  to  us  as  having  a  sufficiently  direct  bearing  upon  oiu-  experiments.  It  has  yet  to  be 
proved  that  the  ventricular  complex  is  a  close  guide  to  the  length  of  the  refractory  period  ;  and 
to  argue  from  the  frog's  ventricle  to  the  dog's  auricle  seemed  to  us  precarious.  Nevertheless, 
we  believe  that  the  explanation  put  forward  by  Rothberger  and  Winterberg  is  the  correct  one, 
in  so  far  as  it  goes. 
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The  effect  of  section  of  the  vagus  upon  aiuicular  flutter  lias  been  but 
little  investigated.  In  six  experiments  Robinson  observed  clianges  in  two 
only,  in  one  of  these  the  auricular  rate  became  considerably  slower,  in  the 
other  the  auricular  complexes  in  the  electrocardiogram  became  larger  and 
more  distinct.  These  changes  are  the  expected  ones,  for  they  are  the  reverse 
of  those  seen  when  the  vagi  are  stimulated. 

2.      Change  to  a  state  of  rapid  re-excitation. 

This,  the  most  remarkable  reaction  of  the  fibrillating  auricle,  is  also 
common  in  impure  flutter,  and  may  occur,  though  jjerhaps  less  frequently, 
when  the  auricles  exhibit  pure  flutter.  The  final  mechanism  appears  to  us 
to  be  the  same,  from  whatever  preliminary  state  it  is  induced.  The  auricle 
is  thrown  into  a  state  of  feverish  activity,  accompanied  or  soon  followed  by 
dilatation,  which  is  no  doubt  enhanced  by  the  simultaneous  slowing  or 
standstill  of  the  ventricle.  On  tlie  surface  very  minute  twitching  movements 
of  extremely  rapid  rate  are  visible  ;  the  electrocardiograms  of  Hmb  leads 
shows  a  conspicuous  change,  the  large  auricular  complexes  or  coarse  oscilla- 
tions give  place  to  finer  oscillations  of  much  liigher  rate  and  of  smaller 
amplitude.  The  curves  of  direct  leads  have  been  well  described  bj* 
Rothberger  and  Winterberg  ;  very  rapid  deflections,  of  con.siderable 
amjiUtude — an  ampUtude  not  necessarily  less  but  sometimes  greater  than 
those  of  the  more  slowly  beating  amicle — are  seen. 

In  rat«  they  vary  up  to  3,000  per  minute,  and  often  follow  each  other 
at  seemingly  regidar  intervals,  and  may  be  of  almost,  though  not  quite, 
uniform  ampUtude  for  many  successive  cj'cles.  Fine  measurement  shows 
that  they  are  not  quite  uniform  in  sequence  for  more  than  a  few  cycles 
together,  this  irregularity  going  hand  in  hand  with  changes  in  excursion, 
form  and  even  direction.  The  state  does  not  at  once  full}'  establish  itself, 
but  it  develops  quickly.  As  Rothberger  and  Winterberg  point  out,  the  fuU 
rate  subsides  graduallj-  after  vagal  stimulation  is  -nithdrawn  ;  eventually 
it  falls  Aiithin  some  seconds  or  a  few  minutes  to  500  or  400  or  even  less  per 
minute.*  Flutter  or  fibrillation,  according  to  the  preceding  events,  or 
normal  rhji:hm,  may  then  be  resumed. 

The  fuU  state  of  rapid  re-excitation  appears  to  be  identical  with  or 
very  similar  to  the  local  mechanism  set  up  in  the  unatropinised  auricle 
where  it  is  submitted  to  faradic  stimulation,  a  local  state  which  has  been 
described  fully  in  an  earlier  article  of  this  series. 

The  first  example  is  sho'mi  in  Fig.  6.  The  top  curve  is  an  electro- 
cardiogram from  lead  II,  the  curves  /  and  S  are  from  paired  contacts 
placed  in  the  hue  of  the  taenia  terminahs  in  the  mid-caval  region.  The 
arrangement  of  the  contacts  is  shown  in  the  corresponding  diagram,  Fig.  2, 
S  representing  the  contacts  placed  nearest  the  superior  and  /  those  placed 

*  In  Rothberger  and  Winterberg's  experiments,  the  animals  were  poisoned  with 
physostigmin  or  muscarine,  and  the  condition  was  consequently  of  much  longer  duration.  As 
to  "its  longer  duration  under  physostigmin  we  are  able  fully  to  confirm  these  writers. 
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nearest  the  inferior  vena  cava.  The  right  vagus  was  faraclised  shortly 
after  the  commencement  of  the  phite,  and  during  a  period  of  slightly  impure 
flutter  which  had  lasted  for  one  half-minute.  Certain  deflections  of  Fig.  6 
are  lettered,  and  these  are  charted  in  Fig.  2.  The  flutter  rate  was  583  per 
minute  before  vagal  stimulation,  and  the  excitation  waves  were  passing  up  the 
tsenia  over  both  pairs  of  contacts,  as  is  indicated  by  the  direction  of  the 
deflections  and  their  relation  to  each  other  in  the  two  direct  leads.  Vagal 
stimulation,  which  was  strong,  began  just  before  the  first  charted  deflection  (a) 
and  continued  throughout  the  plate.  For  three  cycles  the  rate  remains 
unchanged  ;  the  first  change  comes  at  cycle  e,  which  is  sUghtly  premature. 
A  little  further  acceleration  is  shown  during  the  next  few  cycles  (up  to 
deflection  /)  tiie  rate  rising  to  7 IS  ])er  minute  (as  calculated  from  cycle  kl)  ; 
but  up  to  this  point,  although  the  deflections  exhibit  a  slightly  increased 
variation  in  amplitude  there  is  no  change  in  form  or  sign,  nor  is  there  change 
in  the  transmission  intervals.  This  slight  and  gradual  change  of  rate  is 
similar  to  that  already  described  in  detail,  and  is  ascribed  to  the  causes 
there  discussed.  At  cycle  in  there  is  a  more  conspicuous  change,  at  this 
point  the  upwardly  coursing  wave  which  is  expected  passes  across  the  lower 
contacts,  but  a  premature  wave  flowing  in  tlic  ojtposite  direction  stiikcs  the 
upper  contacts  at  almost  the  same  inslant.  The  wave  of  cycle  //  is  still 
more  premature  and  flows  over  both  contacts  from  above  downwards,  the 
reversed  interval  being  of  similar  magnitude  to  tlie  original  values.  There 
follows  a  cycle  (no)  of  increa.sed  length  wiiich  almost  exactly  compensates 
for  the  previous  disturbance  ;  and  a  movement  similar  to  the  original  one, 
but  of  rapidly  advancing  rate,  is  resumed  until  near  the  end  of  the  curve, 
when  reversal  is  again  seen  and  is  maintained  (deflection  y  and  z,  etc.). 
From  I  to  z  there  is  a  very  rapid  increase  of  rate  which  rises  at  the  end  of  the 
plate  to  about  1,300  per  minute  (as  calculated  from  cj-cle  yz).  Our  interpreta- 
tion of  these  events  is  as  follows.  At  m,  a  barrier  of  hitherto  refractory  muscle 
is  removed  for  one  or  more  cycles,  and  there  is  an  attempt  of  the  excitation 
wave  to  establish  a  new  and  shorter  circuit.  The  wave  of  new  direction  meets 
the  next  regular  wave  for  one  cycle  under  the  contacts,  at  the  next  a  Uttle  past 
tlie  contacts  ;  it  is  imable  to  establish  itself  and  the  original  circus  movement 
continues  at  an  increasing  rate  as  its  path  shortens.  The  original  path 
shortens  further  until  again  a  new  and  quicker  path  is  found  at  y,  a  path 
similar  to  that  followed  at  m.  On  this  occasion  the  new  path  is  followed  for 
many  cycles,  and  the  new  circus  becomes  estabHshed.  All  these  changes 
are  attributable  to  a  progressive  reduction  of  the  refractory  period  of  the 
muscle,  consequent  upon  vagal  stimulation.  The  lack  of  precise  uniformity 
of  the  events  is  to  be  ascribed  to  the  conflict  of  the  excitation  waves  for  two 
re-entrant  paths,  one  the  shortened  original  path,  the  other  a  new  one. 

The  second  example  is  from  another  animal.  The  right  vagus  was 
stimulated  by  means  of  rapid  rhythmic  sliocks  duiing  an  impure  flutter  which 
had  lasted  four  minutes.  These  shocks  are  visible  upon  and  disturb  the  curve 
taken   from   lead    II   (Fig.    7).     Right   vagal   stimulation   started   at   the 
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beginning  of  this  record.  The  corresponding  chart  and  a  diagram  of  tlie 
contacts  from  which  the  electrograms  were  taken  is  shown  in  Fig.  3.  The 
two  pairs  of  contacts  lay  on  the  taenia  terminahs  and  in  line  with  it,  one  pair 
(S)  lying  towards  the  smierior  vena  cava  and  the  other  (7)  towards  the 
inferior  cava.  The  movement  of  the  excitation  wave,  when  this  curve  opens, 
is  indicated  by  the  direction  of  the  deflections,  and  by  the  time  relations  of 
corresponding  deflections  in  the  two  leads  ;  it  is  shown  to  be  up  the  taenia. 
The  full  effect  of  vagal  stimiJation  is  delayed.  Over  the  early  part  of  tlie 
curve,  namely,  between  deflection  a  to  k,  there  is  slight  quickening  of  rate, 
otherwise  there  is  no  change  ;  the  deflections  continue  to  vary  a  httle 
in  amphtude  ;  the  transmission  intervals  vary  a  httle,  but  otherwise 
remain  unaltered  in  sign.  At  deflection  /  the  almost  regular  movement  of 
the  excitation  waves  up  the  taenia  is  disturbed.  The  expected  deflection  is 
found  in  the  curve  from  the  contacts  nearest  the  inferior  cava,  but  the  same 
wave  has  now  found  a  shorter  path  to  the  upper  contacts  and  crosses  them 
from  above  downwards  to  meet  the  ascending  wave.  From  this  jjoint 
onwards  the  waves  pass  uniformly  from  above  downwards  over  all  four 
contacts  ;  the  directions  of  the  deflections  are  now  all  opposite  to  what  they 
were  originally,  and  the  transmission  intervals  have  revei-sed  signs.  Within 
a  period  of  a  second  the  rate  doubles.  The  analysis  is  taken  as  far  as 
deflections  y,  at  which  instant  the  rate  is  ajjproximately  1,200  per  minute. 
From  this  point  onwards  the  deflections  of  Fig.  7  lose  much  of  the  regularity 
of  form,  amphtude  and  incidence  which  thej'  at  first  possessed,  and  a  verj' 
rapid  and  more  irregular  movement  sets  in.  It  occiu-s  at  a  period  .•^lightly 
preceding  that  at  which  the  vagus  appears,  from  the  lengthened  inter- 
ventricular intervals  of  lead  /  i,  to  be  exerting  its  maximal  effect  on  the  heart. 

The  curve  is  interpreted  upon  similar  hnes  to  the  first  example.  The 
initial  quickening,  shght  b\it  definite,  is  supposed  to  result. from  shortening 
of  the  original  central  path  :  when  the  direction  of  the  deflections  changes 
it  is  supposed  that  a  new  and  shorter  central  path  becomes  established, 
presumablj'  in  the  body  of  the  right  auricle,  rather  than  around  a  cava. 

The  ciu-ves,  of  which  these  are  examples,  are  very  variable  in  form, 
though  the  main  features  described  are  constant.  An  initial  shght 
quickening  is  the  rule,  though  it  may  be  less  in  degree  than  these  two 
illustrations  indicate  ;  it  is  often  of  much  shorter  duration,  and  the  onset 
of  the  rapid  re-excitations  is  more  abrupt  ;  in  such  curves  there  maj' 
be  no  further  quickening  of  the  waves,  the  waves  appearing  at  once 
at  the  full  rate  of  2,500  or  3,000  per  minute.  These  examples  are  seen  when 
the  vagus  exerts  a  more  sudden  effect  on  the  heart,  bringing  the  ventricle 
to  an  almost  immediate  standstill.  They  are  usually  less  adapted  to  clear 
analysis  than  those  we  pubhsh.  Usually  the  curves  show  simultaneous 
though  contrary  changes  in  the  rates  of  the  auricular  oscillations  and  in  those 
of  the  ventricle.     This  relation  is  not  quite  constant,  however. 

The  difference  between  the  two  effects  of  vagal  stimulation,  which  have 
now    been    described,   is   one   of   degree  rather  than    of  kind  ;    the    basal 
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Dog  LI.  {Record  3.)  Tlie  arrangement  of  leading  off  contacts  is  shown  to  the  right  ( 
terminalis.  Tlie  cliart  analyses  the  lettered  portion  of  Fig.  6.  The  two  series  of  ii 
whether  it  was  an  upstroke  "or  domistroke  in  the  curve  ;  the  direction  of  the  arri 
l)air  of  contacts.  If  an  excitation  wave  strikes  Z  first  it  yields  an  upstroke  :  if  C  fii 
intervals  between  corresponding  deflections  of  the  two  curves  are  written  vertically, 
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phenomenon  is  a  reduced  refractory  period.  Where  the  reduction  is  gradual 
and  the  auricular  cycles  are  influenced  by  it,  the  acceleration  is  gradual ; 
but  as  tiie  refractory  period  is  further  reduced,  a  time  may  come  when  a  new 
and  much  shorter  path  becomes  open  to  the  wave,  and  the  rate  then  springs 
up  more  abruptly.* 

The  ending  of  the  state  of  rapid  re-excitation  is  not  unhke  its  beginning, 
though  a  gradual  and  more  uniform  change  of  rate  is  the  rule.  The  decUne 
in  rate  begins  shortly  after  stimulation  ends.  When  the  rate  falls  sufficiently, 
a  thittor,  similar  to  that  prevailing  originally,  may  be  resumed,  though  more 
eommonh'  the  abnormal  mechanism  ends,  and  the  normal  rhythm  returns 
abruptly. 

The  state  of  rapid  re-excitation  is  one  of  considerable  interest  and 
importance  from  a  theoretical  standpoint.  For  some  while  we  have  pursued 
a  further  investigation  of  it  ;  to  describe  the.se  observations  would  prolong 
this  paper  to  an  undesirable  length.  We  purpose  to  return  to  the  subject 
at  a  somewhat  later  dat«,  being  content  for  the  moment  to  record  the 
following  observations  and  conclusions. f 

The  state  of  rapid  re-excitation  may  be  induced  regularly  and  without 
fail  if,  under  vagal  stimulation,  two  successive  break  shocks  enter  the  muscle 
at  a  critical  time  relative  to  each  other.  It  may  be  produced  by  stimulating 
the  auricle  rhj^hmically,  and  subsequently  stimulating  the  vagus  ;  tliis 
method  is  less  certain  than  the  last,  but  becomes  more  certain  as  the  rate  of 
the  rhjthmic  shocks  is  increased.  The  reaction  is  rarely  seen  unless  the  rate 
of  rhythmic  stimulation  is  equal  to  the  rates  which  prevail  in  flutter  ;  this 
ob.servation  is  important  in  that  it  shows  that  the  abrupt  onset  of  rapid 
re-excitation  is  not  a  pecuUarity  of  the  fluttering  or  fibriflating  auricle,  but 
may  be  brought  about  by  vagal  stimulation  when  the  auricle  is  responding 
at  a  high  rate,  whether  to  a  circulating  wave  or  to  rhythmic  shocks  seems  a 
matter  of  indifference.  On  very  rare  occasions  the  auricle  is  thrown  into 
this  state  from  its  normal  rhythm  by  exciting  the  vagus  ;  it  is  this  occasional 
reaction  which  is  probably  responsible  for  the  .statement  that  the  normal 
rhythm  may  be  converted  into  fibrillation  bj^  vagal  stimulation. 

The  rapid  waves  are  conveyed  as  single  waves  over  the  whole  surface 
of  the  auricle,  the  state  of  rapid  re-excitation  is  to  this  extent  co-ordinate  ; 
they  often  ajjpear  to  be  conveyed  at  transmission  rates  wliich  are  not 
materially  lower  than  those  jjrevailing  when  the  auricle  beats  slowly.  We 
have  proof  that  under  vagal  stimulation  excitation  waves  are  conveyed 
quite  normally  up  to  rates  of  800  or  1,100  per  minute. 

Our  observations  go  to  show  that  the  state  of  rapid  re-excitation  in  the 
auricle  under  strong  vagus  influence  is  comparable  to  flutter  (jjurc  and 
impure)  in  the  iniinfluenced  auricle  ;  the  state  of  rapid  re-excitation  is 
equivalent  to  flutter  on  a  diminutive  scale,  the  last  conditioned  by  the  great 
reduction  of  the  refractory  period  which  occurs  under  vagal  stimulation. 

Our  evidence  for  these  statements  will  be  given  in  full  in  a  future  article. 

*  The  very  rapid  movement  is  not-  due  as  McWiUiam"  has  supposed  to  disturbed  conductivity 
and  inter-fascicular  block.  The  vagus  has  no  effect  on  au.-icular  conductivitj'  (meaning  fibre 
conducti\ity). 

t  See  Proc.  ohvsiol.  Soc.  Jan.  22.  1921. 
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3.    Abrupt  cessation  of  flutter. 

It  should  be  stated  first  of  all  that  of  this  form  of  roactinn  there  is  no 
doubt.  Naturally,  when  flutter  after-effects  arc  of  short  duration,  a 
spontaneous  termination  may  coincide,  as  a  matter  of  chance,  with  the 
period  of  vagal  stimulation.  That  the  association  is  not  fortuitous  is  clear 
when,  repeatedly  in  the  same  animal  or  in  different  animals,  long  continued 
flutter  is  quickly  brought  to  an  end  by  this  interference  (see  Protocols). 
The  reaction  is  unquestionable,  but  occurs  for  the  most  jmrt  under  weak 
stimulation  or  at  the  very  beginning  of  a  stronger  stimulation.  When  we 
first  witnessed  the  effect,  we  were  tempted  to  ascribe  it  to  dejjressed 
conduction  in  the  auricle,  whereby  the  continued  progress  of  circus  movement 
was  prevented.  Investigation  of  transmission  rates  in  the  auricle  in  and  out 
of  vagal  stimulation  soon  demonstrates  this  view  to  be  untenable.  To 
explain  the  abrupt  ending  of  flutter  and  a  resumption  of  the  normal  heart 
rhythm  as  a  consequence  of  vagal  stimulation,  we  hark  back  to  the 
interpretation  of  gradual  acceleration. 

Consider  an  auricle  which  is  in  a  state  of  flutter  ;  supjiose  the  excitation 
wave  to  be  moving  along  a  circular  path  and  the  rate  of  movement  to  be  below 
normal.  This  reduced  rate  is  not  the  consequence  of  a  reduced  power  of  the 
individual  fibres  to  conduct,  but  to  many  fibres  being  still  refractory  when  the 
wave  re-enters.  In  its  course,  the  wave  sways  from  side  to  side  upon  a  sinuous 
course,  being  deflected  by  innumerable  small  barriers.  Suppose  further,  as  we 
must  suppose,  that  a  short  gap  of  partially  responsive  muscle  exists  between 
the  crest  of  the  wave  as  it  travels  and  the  wake  of  absolute  refractoriness, 
which  it  follows.  What  now  may  be  the  effects  of  vagal  stimulation  ?  The 
small  barriers  are  gradually  removed  and  the  cycles  shorten ;  the  flutter  accel- 
erates and  the  crest  of  the  wave  is  brought  nearer  to  the  wake  of  absolutely 
refractory  muscle.  If  the  transmission  rate  is  by  this  means  sufficiently 
increased,  the  gap  may  disapjiear  and  the  oncoming  wave  will  find  before  it 
no  responsive  tissue  to  re-enter.  It  is  quite  clear  that  circus  movement  can 
be  maintained  only  if  the  time  taken  for  the  circuit  to  be  completed  is  greater 
than  the  duration  of  the  absolute  refractory  period  ;  there  must  be  a  gap. 
Now  a  reduction  of  the  refractory  period,  in  the  circumstances  of  the  flutter 
which  we  are  con.sidering,  will  have,  sooner  or  later,  opposing  effects  upon 
this  gap.  Removal  of  the  small  barriers  will  decrease  the  duration  of  the 
cycle  and  tend  to  close  the  gap  ;  general  reduction  of  the  absolute  refractory 
period  aWU  tend  to  widen  the  gap.  If  these  two  processes  occur  simultaneously 
and  exert  equal  though  opposite  effects  upon  the  gap,  the  circus  movement 
will  continue  at  an  ever  increasing  rate.  But  if,  in  the  initial  stages  of 
stimulation,  the  removal  of  small  barriers  expedites  the  passage  of  the  Avave, 
thus  shortening  the  gap  to  an  extent  largely  in  excess  of  its  lengthening 
by  general  reduction  of  the  absolute  refractory  period,  the  gap  mU  disappear. 
It  is  known  that  the  rate  of  travel  from  point  to  point  in  flutter  may 
be    twice    as    slow    as    it    is    normally,    and    that    vagal    stimulation    will 


FLUTTER     AND     FIBRILLATION.  155 

restore  the  normal  speed.  Wlien  this  change  happens,  the  circus  movement 
must  come  abruptly  to  an  end,  unless  on  the  one  hand  a  path  of  re-entry 
twice  the  original  length  is  open  to  it,  or  on  the  other  hand  the 
absolute  refractory  period  reduced  in  the  muscle  generally  by  an  equal  time 
periojl.  Probably  flutter  of  the  kind  considered  is  usually-  maintained  in  the 
early  stages  of  vagal  stimidation  by  a  combination  of  these  changes.  But, 
when  we  consider  fully  the  circumstances,  there  seems  insufficient  reason 
to  anticipate  that  the  opposing  influences  v,tH  always  so  balance  that  the 
gap  remains  or  widens  ;  on  the  contrary,  there  is  reason  to  anticipate  that 
the  gap  will  sometimes  vanish,  thus  bringing  the  flutter  to  an  end. 

If  the  views  here  expressed  are  tenable,  we  should  expect  to  see  in 
records  of  the  ending,  an  initial  quickening  of  rate,  and,  finally,  variable 
events.  In  some  instances  the  actual  termination  should  come  quite  abruptly, 
the  potential  overlap  being  extensive  :  in  other  instances  we  might  anticipate 
an  irregidar  action  as  the  waves  struggle  for  re-entrant  paths  ;  in  yet  other 
curves  we  should  anticipate  evidence  of  a  change  in  the  direction  of  the 
waves  as  the  circuit  widens  out  to  escape  refractorj-  barriers.  Each  of  these 
disturbances  is  actually  evidenced  by  the  curves,  of  which  we  now  proceed  to 
show  examples. 

Exnmples.  Curves  which  show  the  resumption  of  normal  rhythm 
under  vagal  stimulation  vary  a  good  deal  in  detail.  An  example  which 
presents  a  number  of  the  usual  features  is  shown  in  Fig.  8.  The  top  curve 
was  taken  from  lead  /  /,  the  lower  curves  were  taken  from  direct  leads. 
The  four  contacts  lay  on  and  in  line  with  the  tienia.  an  upper  pair  (S)  towards 
the  superior  and  a  lower  pair  (  /)  towards  the  inferior  cava.  The  Z  contact 
of  each  pair  lay  towards  the  sujierior  cava.  A  sUghtly  imjjure  flutter  had  been 
in  progress  for  a  minute  and  a  half  ;  the  course  of  the  circulating  wave  was 
down  the  tienia  terniinaUs.  The  curve  starts  at  the  moment  when  a  weak 
current  was  thrown  into  the  riglit  vagus. 

At  the  beginning  the  flutter  is  showing  regular  alternation,  which  is 
most  conspicuous  in  curve  S  ;  this  gives  place  to  a  sUghter  and  less  regular 
disturbance  towards  the  end.  Over  the  first  half  of  the  curve  the  rate  of 
flutter  is  seen  to  quicken  gradually  and  steachly  ;  but  tliis  quickening, 
unlike  that  of  Fig.  5,  is  not  continued  throughout  ;  towards  the  end  of  the 
flutter  the  lengths  of  the  last  few  cycles  are  irregular,  but  they  are  not  further 
reduced.  It  is  presumed  that  the  check  to  the  rising  rate  happens  when  the 
gap  between  the  crest  and  wake  of  the  circulating  wave  is  aU  but  filled, 
and  that  the  irregularity  in  the  lengths  of  the  cycles  speaks  of  the  struggle 
to  find  a  path  of  re-entry.  The  last  ^flutter  deflection  showni  is  of  unusual 
form  and  reversed  direction,  and  occurs  after  an  unusual  delaj-.  At  the 
beginning  of  the  curve  the  excitation  waves  flowed  down  the  fine  of  the 
taenia,  striking  the  Z  contact  of  each  pair  first,  and  the  Z  contact  of  the  upper 
pair  (S)  before  the  Z  contact  of  the  lower  (/)  by  intervals  of  00143  and  001 62 
of  a  second  ;  during  the  last  cycle  theC  contact  of  each  pair  is  first  encountered 
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and  the  ('  contact  of  the  lower  pair  (  /)  is  reached  sliglitiy  before  tlie 
corresponding  contact  of  the  upper  pair,  tliough  by  a  much  reduced  interval. 
The  last  excitation  wave  flowing  over  the  contacts  has  not  followed  their 
precise  line,  but  has  struck  them  from  the  side.  To  reach  the  contacts  from 
the  side  this  excitation  wave  has  made  a  detour,  and  it  comes  to  them 
delayed.  Had  this  delay  been  a  little  greater  the  flutter  would  have  endetl 
at  the  previous  cycle. 

A  httle  delay  of  the  last  cycle  is  fre((uent  in  the  curves,  though  it  is  not 
constant.  The  relations  appear  to  be  similar  to  those  found  when  the  auricle 
is  responding  to  very  rapid  rhythmic  stimuli,  and  breaks  into  a  2  :1  response 
(as  described  on  page  117  in  the  preceding  article  of  this  series).  Before  the 
break,  a  cycle  of  I  :  1  response  of  unusual  length  is  frequent,  and  it  is  produced 
by  delay  of  the  last  excitation  wave.  This  delay  has  been  attributed  to  the 
wave  running  into  tissue  wliich  has  only  very  partially  recovered  its  respon- 
siveness, and  the  same  explanation  ajjplies  here.  According  to  the  degree 
of  recovery,  the  wave  proceeds  slowly  or  fails  to  proceed. 

A  not  dissimilar  example  is  shown  in  the  second  record  (Fig.  9)  taken 
in  very  similar  circumstances  from  another  animal  and  45  seconds  after  the 
onset  of  flutter.  The  two  curves  are  from  direct  taenia  leads,  the  upper 
from  the  region  of  the  superior  cava  (<S)  the  lower  from  the  region  of  the 
mid-cava  ( /).  Right  vagal  stimulation  began  as  the  plate  started  to  record. 
The  excitation  waves  in  tliis  case  were  preceding  up  the  taenia.  The  rate  of  the 
auricular  movement  shows  the  usual  gradual  increase,  up  to  a  point  within 
four  cycles  of  the  actual  ending.  At  this  point  acceleration  ends  and  the 
cycles  become  irregular  in  length,  the  last  two  waves  showing  altered  direction. 
Simultaneously  with  the  increase  of  rate,  the  transmission  intervals  decrease  ; 
the  last  interval  (00056)  is  unusually  short. 

A  more  speedy  ending  in  another  animal  is  shown  in  Fig.  10.  Tliis 
form  is  exceptional  for  its  abruptness  and  for  the  slight  degree  of  preUminary 
change.  The  top  curve  is  from  lead  /  /.  The  two  lower  curves  were  taken 
from  direct  leads,  the  contacts  being  in  the  line  of  the  taenia,  a  pair  [S)  lying 
towards  the  superior  and  a  pair  ( 7)  towards  the  inferior  cava.  The  Z 
contact  was  above  in  each  pair,  and  the  deflections  show  the  excitation 
waves  to  be  flowing  up  the  taenia.  The  flutter  had  been  in  progress  for  a 
Uttle  more  than  a  minute  when  the  left  vagus  was  stimulated.  There 
is  Uttle  or  no  preUminary  increase  of  rate.  The  chief  change  is  that 
the  deflections  alter  their  ampUtudes  ;  whereas,  before  vagal  stimulation 
begins  and  for  a  few  cycles  afterwards,  these  deflections  alternate  in  depth, 
the  last  few  deflections  vary  in  ampUtude  in  a  more  irregular  way. 

It  is  noteworthy  that  vagal  stimulation  may  increase  or  decrease  the 
impurity  of  flutter.  When  there  is  a  gradual  and  continued  acceleration, 
such  as  is  illustrated  in  Fig.  4  and  5,  any  original  irregularity  in  the  ampUtude 
and  spacing  of  the  deflections  tends  to  disappear.  This  speaks  for  a  mdening 
of  the  gap  between  the  crest  and  wake  of  the  waves  as  they  travel,  whereby 
these  waves  enter  muscle  in  a  more  completely  responsive  state.     When  the 
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acceleration  is  leading  up  to  termination  of  the  flutter,  as  in  the  examples 
now  described,  these  irregularities  do  not  disappear  ;  on  the  contrary,  they 
frequently  increase  in  magnitude,  indicating  that  the  gap  is  closing  up, 
and  that  the  crest  of  the  wave  is  entering  tissue  in  which  recovery  is  less 
advanced.  This  stage  is  the  critical  one  :  a  little  more  closure  and  the 
oncoming  wave  is  unable  to  proceed  and  the  flutter  terminates. 


Discussion. 

It  has  been  shown  that  if  the  auricles  are  fluttering,  vagal  .stimulation 
will  sometimes  induce  a  high  grade  of  auricular  disorder,  here  termed  rapid 
re-excitation,  but  liitherto  included  in  the  term  fibriUation.  It  is  known  that 
a  similar  form  of  incoordination  is  induced  by  faradic  stimulation  of  the 
auricle,  and  that  this  effect  is  more  certain,  and  the  high  grade  of  inco- 
ordination of  longer  duration,  when  the  faradic  stimulation  of  the  muscle 
is  combined  with  vagal  stimulation.  On  occa.sion  vagal  stimulation  alone  wiU 
throw  the  naturally  beating  auricle  into  a  state  of  rapid  re-excitation.  In 
subsiding,  rapid  re-excitation  may  set  up  a  regular  or  irregular  circus 
movement  (flutter  or  fibrillation).  These  facts  have  led  to  the  general 
statements  that  vagal  stimulation  predisposes  to  or  will  induce  auricular 
fibrillation,  and  that  it  will  convert  flutter  into  fibrillation.  '•'" 

It  is  also  true  that  vagal  .stimulation  will  sometimes  bring  flutter  or 
fibrillation  to  an  end,  and  the  two  series  of  observations  have  stood  liitherto 
in  apparent  contradiction.  They  are  not  in  reahty  contradictory.  When 
the  auricle  is  beating  in  response  to  a  stimulating  current,  or  is  in  a  state  of 
flutter,  vagal  stimulation  reduces  the  refractory  period  and  excites  that 
rapid  re-excitation  of  the  tissue,  which  we  interpret  as  the  result  of  re-entrant 
waves.  This  state  of  rapid  re-excitation  becomes  slower  as  the  vagal 
influences  fade  away  and  the  auricular  tissue  displays  a  series  of  transitional 
mechanisms  as  its  rate  of  beating  slows,  some  of  which  at  all  events  are 
properly  included  in  the  term  fibrillation.  The  actual  end  effect  is  varia'ble, 
according  to  the  circumstances  ;  the  normal  rh^-thm  may  be  resumed  abruptly, 
or  if  the  original  condition  was  one  of  flutter  or  fibrillation,  either  of  these 
last  two  mechanisms  may  reappear  and  become  estabUshed.  These  end 
effects  are  not  the  end  effects  of  vagal  stimulation,  but  they  are  the  end 
effects  of  the  state  of  rapid  re-excitation.  Throw  the  auricle  or  a  portion 
of  it  into  this  state  and  it  ^\ill  subside  when  its  provoking  cause,  namely, 
reduced  refractor}-  period  under  vagal  stimulation  is  removed.  Sooner  or 
later  there  is  a  change  to  a  different  mechanism  in  different  animals  or  in 
different  observations  upon  the  same  animal ;  the  change  is  to  normal 
rhythm,  flutter  or  fibrillation,  according  to  the  predisposition  of  the  auricle 
under  observation  and  according  to  the  estabUshment  or  otherwise  of  large 
re-entering  circuits.  If  the  auricle  is  fibriUating  originally  when  the  vagus 
is  stimulated,  this  fibrillation  is  wiped  out  l)y  the  state  of  rapid  excitation  ; 


158 


LEWIS,     DRU  RY     AND     BULGER. 


but  as  tliis  jiasscs  away  the  original  state  of  fibrillation  may  appear  as  an 
after-effect  ;  if  it  is  not  provoked,  the  normal  rhythm  will  appear.  If  the 
auricle  is  fluttering  originally,  vagus  stimulation  may  throw  it  into  a  state 
of  rapid  re-excitation  ;  this  when  it  subsides  may  leave  no  after-effect,  the 
heart  suddenly  beginning  to  beat  normally,  or  it  induces  a  more  or  less 
persistent  condition,  a  flutter  resembling  the  original  flutter  or  a  state  of  less 
pure  flutter.  There  is  no  more  contradiction  in  these  observations  than  there 
is  in  the  well  known  fact  that  simple  faradisation  of  the  auricle  produces 
an  after-effect  on  one  occasion,  and  on  the  next  occasion  produces  none  ; 
the  variable  end  result  depends  both  in  faradisation  of  the  auricle  and  in 
faradisation  of  the  vagus,  while  the  auricles  are  beating  rapidly,  upon 
the  chance  of  a  relatively  large  circus  movement  becoming  established  as  the 
state  of  rapid  re-excitation  subsides. 


Chiej  effects  oj  vagal  slimiUalion  on  the  auricle 


Mechanisma  under  vagal  stimulation. 


Final  mochanisms. 


Normal 
action 


.  Slow  normal  action - 
■  rapid  re-excitation  •= 


normal  action 
continued  flutter 
normal  action 
contmued  fibrillation 


rapid  re-excitation 


Flutter  at 
advanced   rate' 


continued  flutter 


normal  action 


.rapid  re-excitation. 

~^     rfibrillati 
.  impure  flutter  • \ 


continued  fibrillation 


In  large  part,  though  not  entirely,  the  apparent  contradictions  which 
have  been  reported  are  thus  explained.  Two  further  reactions  are  still 
to  be  considered.  First,  an  auricle  which  is  beating  normally  may  on  very 
rare  occasions  be  thrown  by  vagal  stimulation  into  flutter  or  fibrillation. 
Tliis  reaction  is  not  dissimilar  to  tho.se  already  described,  for  the  rise  of  vagal 
tone  throws  the  auricle  primarily  into  a  state  of  rapid  re-excitation. 
Secondly,  stimulation  of  the  vagus  during  the  progress  of  flutter  may  bring 
the  latter  to  an  abrupt  ending,  without  the  interposition  of  the  state  of  rapid 
re-excitation.  This  also  receives  its  explanation  ;  it  is  due,  so  it  would  appear, 
to  the  manner  in  wliich  the  refractorj'  period  is  reduced,  and  to  the  opposing 
effects  of  tliis  reduction  upon  the  length  of  the  essential  gap  of  responsive 
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imisi^le  wliicli  exists  between  the  crest  and  wake  of  tlie  circuhiting  wave  ; 
tliis  j^aj)  may  enlarge  or  it  may  decrease.  The  explanation  is  adeqnate  in 
tlie  ease  of  flutter,  it  would  seem  equally  adequate  in  the  case  of  fibrillation, 
for  the  last  is  also  brought  on  occasion  to  an  abrupt  end  by  vagal  stimulation, 
without  the  intervention  of  the  state  of  rapid  re-excitation. 

Other  occasional  reactions  are  also  brought  into  line.  When  the  auricles 
are  libriilating,  vagal  stimulation  will  sometimes  bring  them  into  a  state  more 
closely  rcsembli!ig  flutter  ;  when  this  happens  it  is  to  be  supposed  that  the  gap 
between  crest  and  wake  is  increased,  whereby  the  progress  of  the  re-entrant 
wave  becomes  more  uniform.  When  the  auricles  are  fluttering,  vagal 
stimulation  may  cause  this  flutter  to  become  impure,  or  on  rare  occasions 
convert  it  temporarily  to  a  state  closely  approaching  fibrillation  ;  when 
this  happens,  it  is  probable  that  the  gap  between  the  crest  and  wake  of 
the  waves  has  been  shortened,  whereby  the  course  of  the  re-entrant  wave 
is  rendered  more  sinuous. 


Summary. 

A  state  of  rapid  re-excitation,  identical  with  that  resulting  locally  from 
faradisation  of  the  auricle,  is  often  induced  in  the  auricle  by  vagal  stimulation 
wlien  the  auricles  are  previously  fluttering  or  fibrillating,  and  may  be  induced 
occasionally  by  vagal  stimulation  when  the  auricles  are  beating  normally. 
This  state  of  rapid  re-excitation  subsides  as  the  vagal  influence  is  withdrawn  ; 
the  after-effects  are  the  same  as  those  which  follow  rapid  re-excitation 
induced  locally  by  faradising  the  auricle  ;  there  may  be  no  after-effect, 
in  which  case  the  normal  rhythm  is  resumed,  or  the  after-effect  may  be 
constituted  by  flutter  or  fibrillation  according  to  the  predisposition  of  the 
auricle. 

Vagus  stimulation  exerts  opposing  influences  upon  the  lengtli  of  the 
gap  between  the  crest  and  wake  of  the  circulating  wave.  When  it  shortens 
the  gap,  the  circulating  wave  takes  a  more  irregular  course  and,  if  the  gap 
is  reduced  to  zero,  the  circus  movement  is  brought  to  an  end  ;  when  the  gap 
mdens,  the  circus  movement  tends  to  become  more  regular.  Both  these 
reactions  are  customarily  associated  with  an  advance  in  the  rate  at  which 
the  auricle  beats. 

All  these  reactions  are  primarily  attributed  to  a  reduction  of  the 
refractory  period  consequent  on  vagal  stimulation. 

The  relations  of  flutter  and  fibrillation  to  vagal  tone  are  complex,  the 
reactions  of  the  auricle  to  vagal  stimulation  manifold  and  at  first  seemingly 
contiadictory.  But  as  the  factors  underl3'ing  these  reactions  are  investigated 
in  detail,  so  the  variable  after-effects  of  vagal  stimulation  become  clear. 
They  become  clear  because  the  theory  that  flutter  and  fibrillation  are 
essentially  circus  movements,  a  fundamental  assumption  in  explaining 
these  reactions,  is  sound.  Thus  the  study  of  flutter  and  fibrillation,  in  its 
relation  to  the  vagus,  brings  powerful  support  to  our  main  thesis, 
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PROTOCOLS. 
(Exemplifjang  the  action  of  the  vagi  upon  flutter.) 
(R.V.  and  L.V.  =right  or  left  vagus  stimulated  ;  I.R.  =inoresiscd  rate  of  flutter  ;  R.Re.  =rapid 
re-excitation  appears  ;  N.R.  =normal  rhythm  resumed  ;  F.R.  =  flutter  resumed.) 

Dog  LD.  1.  Slightly  impure  flutter  ;  L.V.  at  45  seconds  ;  effect,  I.R.,  conversion  into 
auricular  fibrillation,  F.R.  ;  spontaneously  ending  at  3J  minutes. 

2.  Slightly  impure  flutter  ;  L.V.  at  1  minute  ;  effect,  abrupt  N.R.  Tlie  vagal  stimulation 
was  weak. 

Dog  LF.     This  animal  showed  long  after -eSects  of  rhythmic  stimulation  which  consisted 
of  sUghtly  impure  flutter.     Vagal  stimulation  weak. 

1.  Flutter  ;  R.V.  at  5  minutes  and  at  6J  minutes  ;  no  apparent  eSect ;  spontaneous  ending 

at  11   minutes. 

2.  Flutter;  R.V.  at  4  minutes  ;  e//ec«,  LR.,  R.Re.,  N.R. 

3.  Flutter  ;  R.V.  at  2J  minutes  ;  effect,  I.R.,  R.Re.,  F.R.,  spontaneous  ending  at  8  minutes. 

4.  Flutter  ;  R.V.  at  1  minute  ;  effect,  I.R.,  R.Re.,  N.R. 

5.  Flutter;  R.V.  at  45  seconds  ;  e//ec(,  LR.,  N.R. 

6.  Flutter  ;  R.V.  at  1  minute  ;  effect,  I.R.,  N.R. 

7.  Flutter  ;  R.V.  at  30  seconds  ;  effect,  I.R.,  F.R.  ;  R.V.  at  4  minutes ;  effect,  I.R.,  F.R. ; 

R.V.  at  8  minutes  ;  effect,  I.R.,  F.R.,  ;  spontaneous  ending  at  10  minutes. 

8.  Flutter  ;    L.V.  at  45  seconds  ;  effect,  I.R.,  F.R. ;    L.V.  at  4  minutes  ;  effect,  I.R.,  F.R.  ; 

L.V.  at  6  minutes  ;  effect,  I.R.,  F.R.  ;  L.V.  at  7i  minutes  ;  effect,  I.R.,  F.R.  ;  L.V.  at 
12*  minutes  ;  effect,  I.R.,  F.R.  ;  R.V.  at  15  minutes  ;  effect,  I.R.,  N.R. 

Dog  LG.     This  animal  showed  after-effects  of  rhythmic  stimulation,  consisting  of  pure  or 
sUghtly  impure  flutter.     The  vagal  stimulation  was  weak. 
1.  Flutter  ;  R.V.  at  4  minutes  ;  effect,  I.R.,  R.Re.,  N.R. 

2-5.   Flutter  ;  R.V.  at  IJ  minutes  ;  effect,  I.R.,  N.R.  ;  repeated  tluee  more  times. 
6.  Flutter  j  L.V.  at  55  seconds  ;  effect,  I.R.,  F.R.  ;  L.V.  at  3  minutes  ;  effect,  I.R.,  N.R. 
7-9.  Flutter;  R.V.  at  1 J  minutes  ;  e//ec«,  LR.,  N  R.     Repeated  twice. 

10.  Flutter ;  R.V.  at  70  seconds ;  effect,  I.R.,  F.R.  ;  R.V.  at  4  minutes  10  seconds ;  effect, 
LR.,  N.R. 

Dog  LJ.     This  animal  showed  after-effects  of  rhythmic  stimulation  consisting  of  pure  or 
sUghtly  impure  flutter.     The  vagal  stimulation  was  moderately  strong. 

1.  Flutter  ;  R.V.  at  45  seconds  ;  effect,  LR.,  N.R. 

2.  Flutter  ;  R.V.  at  20  seconds  ;  effect,  LR.,  R.Re..  F.R.  ;   R.V.  at  2  minutes  ;  effect,  LR., 

R.Re.,  F.R.  ;  R.V.  at  3i  minutes;  effect.  LR.,   R.Re.,  F.R.  ;  R.V.  at  4i  minutes; 
effect,  R.Re.,  N.R. 

3.  Flutter  ;  R.V.  at  1  minute  ;  effect,  I.R.,  F.R.     Spontaneous  ending  at  39  minutes. 

Dog  LK.     This  animal  showed  after-effects  of  rhytlimic  stimulation  consisting  of  impure 
flutter.     The  vagal  stimulation  was  moderately  strong. 

1.  Flutter  ;  R.V.  at  2  ininutes  ;  effect,  R.Re.,  N.R. 

2.  Flutter;  R.V.  at  25  seconds;  effect,  R.Re.,  F.R.  ;  R.V.  at  U   minutes;  effect,  R.Re,, 

F.R.  ;  R.V.  at  4  minutes  ;  effect,  R.Re.,  F.R.  ;   R.V.  at  5  minutes  ;  effect,  R.Re.,  F.R.  ; 
R.V.  at  6  minutes  ;  effect,  R.Re.,  N.R. 

3.  Flutter  ;  L.V.  at  IJ  minutes  ;  e//e<;i,  I.R.,  N.R. 

4.  Flutter  ;  L.V.  at  2  minutes  ;  effect,  R.Re.,  N.R. 

5-15.  Flutter  ;  R.V.  at  2  minutes  ;  effect,  R.Re.,  N.R.  Same  repeated  10  times  after  flutter 
had  lasted,  respectively,  1  minute,  2  seconds,  5  seconds,  10  seconds,  10  seconds,  2  seconds, 
2  seconds,  1  minute,  1  minute,  1  minute. 

16.  Flutter  ;  L.V.  at  1  minute  ;  effect,  R.Re.,  N.R. 

17.  Flutter;  L.V.  at  1  minute;  effect,  R.Re.,  F.R.  ;  L.V.  at  U  minutes;  effect,  R.Re., 
F.R.  ;  L.V.  at  2|  minutes  ;  effect,  R.Re.,  F.R.  ;   R.V.  at  3J  minutes  ;  effect,  R.Re.,  N.R. 

18.  Flutter  ;  R.V.  at  10  seconds  ;  effect,  R.Re.,  N.R. 

19.  Flutter  ;  R.V.  at  1  minute  ;  effect,  R.Re.,  N.R. 

20    Flutter  ;  R.V.  at  1  minute  ;  effect,  R.Re.,  F.R.     Ended  spontaneously. 
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Dog  LTj.     This  animal  showed  after-effects  of  rhytlimic  stimulation  consisting  of  impure 
flutter.     The  vagal  stimulation  was  moderately  strong. 

1.  Flutter  ;  R.V.  at  1  minute  ;  effect,  I.R.,  R.Re.,  N.R. 

2.  Flutter  ;  R.V.  at  15  seconds  ;  effect,  I.R.,  N.R. 

3.  Flutter  ;  R.V.  at  10  seconds  ;    effect,  I.R.,  N.R.  ;    spontaneous  flutter  ;     R.V.  at  3  minutes 

effect,  N.R. 

Dog  LM.     This  animal  showed  after-effects  of  rhythmic  stimulation  consisting  of  slightly 
impure  flutter.     Tlie  vagal  stimulation  was  strong. 

1.  Flutter  ;  R.V.  at  2  minutes  ;  effect,  I.R.,  N.R. 

2.  Flutter  ;  R.V.  at  45  seconds  ;  I.R.,  F.R.     Ended  spontaneously  at  U  minutes. 

3.  Flutter  ;  R.V.  at  1  minute  ;  effect,  I.R.,  N.R. 

Dog  M  A.     1.  Slightly  impure  flutter  ;  R.V.  at  1 J  minutes  ;  effect,  I.R.,  R.Re.,  N.R. 
2.     Slightly  impure  flutter ;  R.V.  at  15  seconds ;  effect  I.R.,  N.R.     The  vagal  stimulation 
was  weak. 

Dog    h  1.     This  animal  showed  after-effects  of  rhythmic   stimulation  consisting   of   pure 
flutter.     The  vagal  stimulation  was  weak. 

1-5.   Flutter  ;   R.V.  at  I  minute  ;  effect,  I.R.,  R.Ro.,  N.K.     Reiwated  5  times. 

7.   Flutter;  R.V.  at  I  minute  ;  e//ec<,  I.R.,  N.R. 

8-12.  Flutter  ;  R.V.  at  1  minute  ;  effect,  I.R.,  R.Re.,  N.R.     Repeated  3  times. 
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In  tlie    following  records,  the    standard   of    the   electrocardiograms   was    1    centimetre 
1  millivolt,  and  of  the  elect roerrams.  approximately  I  centimetre  =  3  millivolts. 
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Kii;.  4.  Dog  LI.  (Record  6.)  Simultaneous  curves  from  lead  //  and  from  two  direct  auricular 
leads.  Tlie  two  direct  le.i.ls  «,r,-  imm  two  pairs  of  contacts  placed  in  line  on  the  ta>nia 
terminalis.       /  is  a  cm-.  '  luis  toward-  intVrior  aii.!  >'  from  tliose  towards  the 

superior  vena  cava.       I  1.  1,  |..iir   Ui\  t.iuanl-  ili.-  Iiji.-rior  cava,  the  two  Wins 

8  millimetres  apart.       I  ,  ;.  oU>   .ir..-   writi.n   aliov.-   the  o\  cle,s   to   which   they 

correspond.  the  tran-sm^-  ..:,  ,  ...,-  :„  twcen  curves  /  and  .^.  in  seconds. 

Showing  the  accelerating  elYeci  01  right  vagal  stimulation  upon  auricular  flutter.     Time 
lines  in  tenths  and  fifths  of  a  second  in  all  figures. 
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Fig.  5.  Dog  LJ.  [Record  6.)  Similar  eur\-es  to  the  la.st.  The  contacts  were  sirailarlv  placed 
on  the  taenia,  except  that  in  this  instance  the  two  Z  contacts  lay  towards  the  superior  vena 
cava.  The  lengths  of  the  cycles  are  written  above  and  below  aiid  the  transmission  intervals 
between  the  two  electrograms. 

Showing  the  accelerating  effect  of  right  vagal  stimulation  on  auricular  flutter  and  a 
change  m  the  transmission  intervals.     Tlie  ventricle  (see  lead  /  /)  is  retarded. 
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Fis.    li.        Doij  LI.      (Record  '^.)     Curves  taken  similarly  to  those  prt\h'i.l\      1. -mI..!.     The 
arrangoiiient  of  contacts  and  an  analysis  of  the  lettered  deflections  iiir  >li.i\vii  ii>  I  i-.  1. 
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7.      l),„i    [.<;.    ,/,',,,,,,/  I,  I     Siiiiilar  curves  to  the  last.    The  arrangement  of  contacts  and  an 
analysis  of  the  Ictteivcl  ilcfiections  are  shown  in  Fig.  3. 

Showing  an  acceleration    of    Hutter  and    the  production  of    rapid  re-excitation  under 
right  vagal  stimulation. 
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Kig.  S.      l),„,    I.e.     I /?,,<)«/  23.)     Curves  taken  similarly  to  the  last.      The  .Z  contacts  used  for  the 

direct  kails  la\   lowards  the  superior  cava.      The  lengths  of  evcles  are  written  in  above  curve 

*'  anil  1>.  I..\\  .  ui\i-    /.  and  the  transmission  intervals  are  written  between  these  two  curves. 

Showing  .111  ai  1  .leration  of  flutter  and  its  abrupt  cessation  under  weak   stimulation  of 


Fig.  9.  Dog  LF.  {Record  H.)  Simultaneous  electrograms  from  the  taenia,  showing  acceleration 
of  flutter  and  its  abrupt  termination  tmder  stimulation  of  the  right  vagus.  The  Z  contacts 
of  both  pairs  were  towards  the  superior  vena  cava. 
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OBSERVATIONS  UPON  FLUTTER  AND  FIBRILLATION. 

Part  VIII.— THE  ELECTROCARDIOGRAMS  OF  CLINICAL 
FIBRILLATION.* 

By  ALAN  N.  DRURY  and  C.  C.  ILIESCU. 
(From   University  College  Hospital  Medical  School.) 


The  electrocardiographic  curves,  obtained  by  limb-leads  from  clinical 
cases  of  auricular  fibrillation,  have  been  extensively  studied  during  recent 
years.  The  form  and  features  of  such  curves  are  well  known.  They  are 
comprised  of  ventricular  and  auricular  electrical  effects.  The  latter  consist 
of  o.-icillations  which  have  an  irregular  incidence  and  amphtude.  Usually  two 
distiiul  auricular  pliases  are  to  be  found.  These  phases  merge  imperceptibly 
one  into  the  otlier,  and  are  characterised  by  fine  rapid  oscillations  or  absence 
of  movement  in  one,  and  coarse  oscillations  in  the  other.  The  coarse 
oscillations  are  of  all  amplitudes  up  to  and  exceeding  that  of  the  usual  P 
wave  and  vary  in  incidence  and  form.  These  two  phases  alternate  in  some 
cases  in  an  irregularly  periodic  manner,  or  to  express  the  matter  differently, 
the  oscillations  wax  and  wane  from  time  to  time.  In  many  cases,  however, 
little  or  no  trace  of  the  coarse  oscillations  can  be  found  ;  while,  in  a  few,  they 
appear  continuously  over  long  stretches  of  curve.  The  phases  of  oscillation 
appear  more  frequently  and  prominently  in  lead  /  /  or  lead  III  rather  than 
in  lead  /. 

Both  the  coarse  and  the  fine  rapid  oscillations  have  been  ascribed  to 
auricular  movement,  and  have  been  used  in  calculating  the  rate  of  the 
general  movement  of  the  aiuicle.  Such  calculations,  based  on  a  study  of  the 
oscillations  in  curves  taken  from  limb  leads,  are  necessarily  precarious,  owing 
to  the  imperfections  of  these  leads.  The  curves  so  obtained  are  distorted 
in  greater  or  less  degree  by  irregularities  caused  by  minor  movements  of  the 
patient  during  examination,  and  in  those  patients  who  are  obviously 
tremulous  this  distortion  cannot  be  eliminated.  Tremor  of  the  somatic 
muscle,  obvious  or  less  obvious,  may  not  only  confuse  the  large  oscillations 
wliich  are  periodically  present,  but  may  itself  give  rise  to  a  series  of  fine 
rapid  oscillations  in  the  curve.    It  is  necessary,  therefore,  before  any  evidence 
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can  be  adduced  from  limb  leads  with  regard  to  auricular  activity,  that  thej' 
should  be  checked  by  simultaneous  curves  taken  by  otlier  means  which 
eliminat«,  as  far  as  possible,  their  imperfections. 

The  present  investigation  is  an  attempt  to  define  the  limitations  of 
limb  leads  as  indicative  of  auricular  activitj',  to  arrive  at  the  meaning  of  the 
phasic  character  of  the  oscillations,  and,  if  possible,  to  assign  a  mechanism 
to  the  auricular  movement  which  is  compatible  with  the  presence  of  these 
coarse  oscillations,  which  form  the  cliief  characteristic  of  the  electro- 
cardiograms in  clinical  fibrillation. 

Previous  work  has  shown  that  these  prominent  oscillations  arise  in  the 
vicinit}'  of  the  auricle,  consequently  we  have  used  the  method  of  leading 
from  the  chest  in  studjing  them. 

Method.  The  method  adopted  was  that  used  by  Lewis,^  and  consists 
of  attacliing  to  the  front  or  to  the  back  of  the  chest  copper  discs,  about 
li  inches  in  diameter,  by  means  of  a  stiff  paste  of  flour,  salt  and  water.  Two 
copper  discs  are  connected  in  circuit  with  a  galvanometer  in  the  usual  way. 

The  position  of  such  paired  contacts  has  varied  in  some  degree,  but  has 
usually  apjMoximated  to  two  general  positions.  One  position  used  has  been 
the  front  of  the  chest  (sternal  lead)  ;  the  Z  contact  is  fixed  at  the  junction 
of  the  2nd  right  rib  with  the  sternum  and  the  C  contact  at  the  Tth  right 
costal  cartilage.  The  other  position  used  has  been  the  front  and  the 
back  of  the  chest  (antero-posterior  lead)  ;  the  Z  contact  is  placed  at  the 
mid-point  of  the  sternum,  and  the  C  contact  at  the  level  of  the  angle  of  the 
right  scapula,  2  inches  to  the  right  of  the  vertebral  column.  The  lead  which 
gives  the  greatest  ampHtude  of  the  oscillations  varies  with  each  patient 
and  is  only  obtained  by  trial.  The  standard  of  the  string  used  has  also 
varied,  but  has  generallj'  been  at  the  normal  figure  of  3  millivolts  = 
3  centimetres.  Lead  /  /  has  been  used  simultaneously  with  one  or  other  of 
these  chest  leads,  or  the  two  chest  leads  have  been  used  simultaneously, 
by  employing  two  strings  in  the  galvanomet«r.  The  patients  upon  whom  the 
work  has  been  carried  out  were  twentj'-four  in  number.  They  were  out- 
patients, receiving  routine  treatment  wdth  small  doses  of  digitalis  or 
strophanthus,  usually  XX  to  XXX  minims  of  the  former  tincture,  or  A'  V 
to  XX  minims  of  the  latter  tincture,  daily. 

The  relation  of  the  oscillations  to  respiration .  As  has  already  been  pointed 
out,  one  of  the  main  features  of  the  coarse  oscillations  foimd  in  the  limb-lead 
is  their  phasic  character.  This  feature  is  also  noticed  when  the  method  of 
leading  direct  from  the  chest  is  adopted.  It  is  true  that  this  method,  by 
eliminating  a  large  mass  of  somatic  musculature,  must  reduce,  to  a  very  great 
extent,  the  irregularities  consequent  upon  tremor  and  Hmb  movement,  but  the 
contacts,  however,  are  separated  from  the  heart  bj-  the  lung  tissue  which, 
in  expanding  or  contracting,  might  be  responsible  for  the  phasic  appearance 
of  the  oscillations.  This  criticism  applies  both  to  the  chest  and  limb  leads. 
It  becomes  of  importance,  therefore,  to  decide  if  the  act  of  respiration  has 
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any  effect  upon  the  oscillations.  Fig.  1  shows  three  records,  a,  b  and  c, 
representative  of  a  series  taken.  In  each  case  respiration  has  been  recorded 
simultaneously  with  an  electrocardiogram  from  a  chest  lead. 

The  respiratory  movements  are  recorded  in  the  lower  curve,  inspiration 
causing  an  upward,  expiration  a  downward  movement  of  the  curve.  The 
electrocardiogram  in  Fig.  1  (a)  was  taken  with  the  antero-ppsterior  lead,  in 
record.^  b  and  c,  with  the  sternal  lead.  An  examination  of  the  curves  shows 
that  the  appearance  and  disappearance  of  the  oscillations  is  in  no  way  related 
to  respiration.  During  the  inspiratory  phase  of  record  a  the  oscillations 
may  (u')  or  may  not  be  present  (x)  ;  wliile  in  one  expiration  {y)  there  may  be 
none,  and  in  another  expiration  {z)  they  may  be  obvious.  This  lack  of 
relation  is  also  clearly  shown  in  Fig.  1,  records  b  and  c,  by  comparing  the 
phases  w  with  x,  and  y  with  z. 

Moreover,  if  a  series  of  curves  is  taken,  and  the  presence  of  absence  of 
oscillations  is  noted  for  the  respective  acts  of  inspiration  and  expiration,  the 
following  fitrures  are  obtained  : — 


Act. 

Number  of  acts  counted. 

OsciUatiotu. 

Present. 

Absent. 

Inspiration    . . 

90 

66 

24 

Kxpiration     . . 

90 

61 

29 

Such  figures  show  that  the  conclusions  arrived  at  from  the  records  in  Fig.  1 
are  sound,  and  that  there  is  no  respiratory  relationship. 

A  further  fact  is  brought  out  by  the  curves  ;  the  amplitude  of  the 
oscillations  is  not  affected  by  respiration.  A  comparison  of  the  same 
portions  of  the  curves  displays  this  clearly.  A  table  compiled  in  a  similar 
manner  to  the  foregoing  shows  the  following  : — 


Number  of  acts  coimted. 

OaciUations. 

Waxing. 

Waning. 

Inspiration    . . 
Expiration    .  . 

15 

1.5 

7 
8 

8 

7 

It  appears  evident,  therefore,  that  respiration  has  no  effect  upon  the  amplitude 
or  the  presence  or  absence  of  oscillations,  obtained  from  direct  leads.  The 
phasic  appearance  of  the  oscillation  is  not  dependent  upon  or  associated 
with  respiration. 
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Comparison  of  curves  from  lend    I  /,   with  those  of  chesi  lead,  Uiken 
simultaneoudy. 

Having  ascertained  that  the  phasic  character  of  tlie  coarse  oscilhitiori  is 
not  due  to  respiration,  we  may  pursue  the  matter  further.  If  a  phasic  activity 
of  the  auricle  as  a  whole  is  the  causative  factor,  leads  taken  direct  from  the 
chest  should  give  similar  records  to  Hmb  leads,  and  in  simultaneous  curves 
of  chest  and  limb  leads  the  phases  should  correspond.  That  the  curves 
obtained  from  chest  leads  have  phasic  characteristics  is  evident  from  Fig.  1 . 
In  Figs.  2,  3,  4  and  5,  a  series  of  records  is  shown  in  which  curves  from  lead  /  / 
and  the  chest  are  recorded  simultaneously.  In  each  case  the  upper  curve 
is  from  lead  /  /  and  the  lower  from  the  chest  lead.  Fig.  2  shows  a  condition 
not  frequently  encountered  ;  it  will  be  seen  that  throughout  the  curve  of 
lead  //a  series  of  slow  and  coarse  oscillations  can  be  traced.  The  form  and 
amjiHtude  of  the  oscillations  changes  constantly  throughout.  In  the  lower 
curve,  the  sternal  lead,  similar  slow  oscillations  can  also  be  traced 
throughout ;  these  show  less  change  in  amplitude  and  form.  Moreover,  if 
the  slow  oscillations  of  the  lower  curve  are  compared  with  the  upper  it  is 
found  that  they  are  coincident  in  time.  In  the  curve  from  lead  /  /,  at  the 
periods  (a)  and  (b),  a  finer  and  more  rapid  oscillation  occurs  while  the  chest 
leads  still  records  the  slow  oscillation. 

Figs.  3,  4  and  5  are  more  representative.  In  Fig.  3  the  coarse  oscillations 
in  the  curve  from  lead  //  are  only  definite  over  restricted  portions  of  the 
cirrve,  the  remainder  being  free  from  them.  The  coarse  oscillations, 
however,  in  the  chest  curve  are  to  be  traced  continuously  throughout, 
though  they  show  some  irregularity  in  form  and  amphtude.  \\  hen  the 
slow  oscillations  are  present  in  both  curves  they  are  coincident.  In  tlie  curve 
from  lead  //,  Fig.  4,  there  are  ill-defined  and  rather  rapid  oscillations, 
and  an  occasional  larger  irregularity.  The  chest  lead  records  conspicuous 
slow  oscillations  throughout  with  the  exception  of  the  short  period  a. 
These  oscillations  are  irregular  in  form  and  amplitude.  Careful  examination 
of  the  curves  shows  that  the  larger  irregularities  in  lead  //  are  coincident 
with  those  of  the  chest  lead. 

Fig.  5  is  a  more  extreme  example.  Lead  //  exhibits  small  and  rapid 
oscillations  throughout,  and  also  a  number  of  coarse  oscillations.  In  the 
chest  lead  slow  oscillations  varying  in  form  and  ampUtude  are  continuously 
present.  Harmony  between  the  slow  oscillations  in  the  two  curves  can 
usually  be  traced,  but  the  finer  and  more  rapid  oscillations  in  lead  /  /  have 
no  counterpart  in  the  chest  lead.  Such  curves,  which  are  representative  of  a 
large  number  taken,  bring  out  clearly  two  important  facts.  The  first  is  that 
the  periods  of  the  curves  of  limb  leads  from  which  the  coarse  oscillations 
vanish  find  no  simultaneous  counterpart  in  the  curves  of  chest  leads. 
Correspondence  of  the  phases  of  coarse  and  fine  oscillation  cannot  be  estab- 
hshed  in  simultaneous  curves  from  limb  and  chest  leads.  From  this  it  is 
evident    that    the    phases    which    are    relatively    smooth    or    present    fine 
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oscillations   in   the   curves   of    limb    leads    do    not    represent    a    decline    or 
fiuidaraental  change  in  the  auricular  activity. 

The  second  point  clearlj'  shown  is  that  an  estimation  of  tlie  rate  of  tiie 
general  auricular  movement,  based  upon  the  oscillations  in  lead  II,  is 
precarious.  In  the  first  place  the  curve,  as  has  been  shown  above,  is  not 
necessarily  a  full  picture  of  auricular  activity,  and,  in  the  second  place,  it  is 
complicated  by  oscillations  derived  from  the  large  mass  of  somatic 
musculature  included  between  the  contacts.  With  regard  to  leads  /  and 
III  these  same  objections  hold.  They  are  exaggerated  in  lead  7,  in  which 
slow  oscillations  are  infrequently  seen,  or  when  seen  are  often  conspicuously 
distorted  bv  fine  oscillations  from  the  muscles  of  the  arms. 


Simultaneous  records  of  two  chest  leads. 

It  has  been  seen,  in  the  previous  sections,  that  curves  of  limb  leads  are 
not  fully  representative  of  auricular  movement,  and  that  they  are  comi>Ucated 
by  oscillations  derived  from  other  sources  than  the  auricles.  The  chest  leads 
are  more  truly  representative,  largely  eliminating  somatic  oscillations  as 
they  do.  But  that  does  not  constitute  the  whole  difference,  for  coarse 
oscillations  are  more  continuously  present  in  the  chest  leads  than  in  the  limb 
leads.  It  is  presumed  tliat  the  difference  is  due  to  the  more  favourable 
planes  in  which  the  former  are  taken.  Even  in  direct  leads,  however,  as  has 
already  been  pointed  out,  the  coarse  oscillations  die  away  from  time  to  time  ; 
and  we  have,  therefore,  instituted  a  further  enquir}^  with  the  idea  of 
ascertaining  if  tlie  (|uiescent  phases  of  these  curves  in  realitj-  represent  a 
fundamental  change  in  the  character  of  the  auricular  action,  or  if,  on  the  other 
hand,  the  disappearance  of  oscillation  in  the  chest  lead  is  a  feature  of  the 
lead  rather  than  of  auricular  activity. 

For  this  purpose  four  copper  discs  were  used  ami  sinuilt,ine(jus  curves 
from  tlie  sternal  and  the  anteroposterior  leads  taken. 

Figs.  G,  7,  8  and  !)  are  examples  of  such  curves.  If  either  of  the  curves 
in  Fig.  6  is  examined  separately  it  is  obvious  that  there  are  periods  during 
wliich  the  slow  oscillations  become  ill-defined  or  split  into  finer  oscillations  ; 
for  instance  h,  in  the  top,  and  a,  c,  d  and  e,  in  the  bottom  curve.  If, 
however,  the  two  curves  are  taken  in  conjunction,  tiie  slow  coarse 
oscillations  can  be  traced  throughout  the  record,  for,  when  they  become  split 
or  ill-defined  in  one  curve  they  can  be  easily  picked  up  in  the  other.  The 
only  possible  point  at  which  exception  might  be  taken  to  this  statement  is 
the  stretch  marked  c  in  the  figure,  where  the  top  record  is  confused  by  the 
proximity  of  the  two  ventricular  complexes.  Where  the  slow  oscillations 
are  prominent  in  both  curves,  although  there  is  evident  correspondence,  they 
are  not  alwaj^s  absolutely  coincident  in  point  of  time.* 

*  This  lack  of  absolute  coincidence  is  under  separate  enquiry. 
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Fig.  7  is  a  further  example  ;  a  comparison  of  the  two  curves  again  shows 
that  if  the  two  curves  are  taken  in  conjunction  the  slow  oscillation  can  be 
traced  throughout,  though  there  may  ba  short  periods  in  both  curves  during 
wiiich  they  are  ill-defined  or  absent ;  at  one  period  a,  they  are  ill-defined  in 
both  curves.  The  slow  oscillations  of  the  two  leads  again  corresjjond.  In 
Fig.  8  the  coarse  oscillation  is  to  be  traced  practically  tliroughout  the  top 
curve  ;  where  there  is  doubt  the  lower  curve  fills  the  liiatus.  Rapid  oscillation 
Or  disappearance  of  oscillations  in  one  curve  coincident  with  slow  oscillation 
in  the  other  is  well  displayed.  The  slow  oscillations  correspond  in  the  two 
curves,  before  and  after  the  disturbances.  In  Fig.  9  there  is  an  unusually 
regular  slow  oscillation  in  the  lower  curve,  where  it  continues  without  break, 
and  requires  no  support  from  the  upper  curve.  On  the  other  hand,  the  con- 
tinuity of  the  slow  oscillations  is  frequently  broken  in  the  upper  curve,  and 
replaced  by  more  rapid  oscillations.  Such  curves  show  that  a  single  chest 
lead,  though  more  representative  of  auricular  activity  than  the  Urab  leads, 
does  not  always  indicate  the  whole  of  the  auricular  events,  as  the  appearance 
of  rapid  oscillations,  or  the  complete  failure  of  the  coarse  oscillations  to 
record  in  one  lead,  conincident  with  their  appearance  in  the  other,  clearly 
shows.  Our  records  as  a  whole  convince  us  that  a  slow  underlying  movement 
is  always  continuous  in  fibrillation  ;  but  to  demonstrate  this  continuity 
it  is  necessary  to  employ  at  least  two  relatively  favourable  leads  recording 
simultaneously.  The  auricular  mechanism  is  such  that  the  plane  for 
favourable  leads  is  frequently  changing.  This  is  shown  by  the  waxing  of 
oscillations  in  one  lead,  while  they  wane  in  another.  From  time  to  time  two 
such  chest  leads  as  we  employ  may  become  unfavourable,  and  consequently 
coarse  oscillation  may  momentarily  disappear  from  both. 

We  conclude  that  the  phasic  character  of  the  oscillations  in  the  chest 
leads  and  in  the  limb  leads  is  a  feature  of  the  lead  used  in  recording  the 
auricular  movement  rather  than  of  the  auricular  activity. 

Rate  of  the  oscillations.  As  a  single  chest  lead  curve  is  open  to  the 
objection  that  it  may  not  fully  represent  the  auricular  movement  it  becomes 
important  to  decide  wliich  t5^pe  of  oscillations  represents  the  underlying 
movement  of  the  auricle.  With  regard  to  the  more  rapid  oscillations  of 
the  chest  lead,  it  can  be  seen  that  these  oscillations  in  reaUty  represent  slow 
movement,  but  that  the  electrical  representations  of  this  movement  are  split 
or  notched  owing  to  the  lead  recording  them  becoming  unfavourable,  thus 
giving  the  impression  of  a  more  rapid  movement.  This  is  well  seen  in  Fig.  9, 
at  periods  a  and  b.  It  is  concluded  that  the  slow  oscillations  are  not 
favourably  represented,  because  when  the  rapid  oscillation  appears  in  the 
upper  curve  it  carries  with  it  the  skeleton  of  the  slow  oscillation  wliich  is 
continuous  in  the  lower  curve,  and  both  before  and  after  the  disturbance 
occurs,  harmonious  slow  oscillations  in  the  two  curves  are  found.  This  is 
again  shown  in  Fig.  6,  6,  and  7,  c.  In  all  cases  the  slow  main  oscillations 
can  be  identified  in  one  lead  during  periods  when,  owing  to  notching  or 
splitting,  the  other  gives  an  impression  of  greater  frequence.     There  are 
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many  examples  of  the  minor  degrees  of  notching,  insufficient  to  disguise 
the  main  oscillation,  throughout  the  figures.  It  is  reasonable  to  assume 
that  when,  over  the  same  period,  slow  oscillations  occur  in  one  lead  coincident 
with  rapid  oscillations  in  the  other,  that  the  slow  oscillation  represents 
the  general  movement.  It  is  well  known  that  the  movement  of  a  single 
excitation  wave  through  the  muscle  of  the  heart  will  give  rise  to  a  number  of 
deflections,  or  in  the  case  of  the  auricle  to  a  main  oscillation  which  is  notched  : 
but  it  is  difficult  to  imagine  that  two  or  more  independent  excitation  waves 
should  give  rise  to  a  combined  oscillation  continuing  to  maintain  relative 
constancy  of  form  for  long  periods.  The  slow  oscillations  of  considerable 
amplitude  which  typify  the  curve  of  chest  leads  must,  so  it  seems  to  us,  repre- 
sent a  single  basal  movement,  and  from  them  the  rate  of  movement  is  most 
safely  to  be  calculated.  It  is  to  be  noted,  nevertheless,  that  the  slow  oscUlation 
varies  slightly  but  continually  in  rate ;  consequenth%  in  short  stretches  of 
curve,  varying  rates  are  calculated.  Moreover,  the  periods  during  which 
the  oscillations  are  clearly  defined  are  short,  so  that,  except  when  the 
oscillations  siiow  unusual  regularity  of  form,  or  when  tlie  ventricular  activity 
is  slow,  the  rate  has  to  be  calc\ilated  for  a  short  .series. 

In  the  table  appended  the  rates  are  calculated  from  series  of  1 0  or  more 
well-defined  oscillations  of  considerable  amphtude,  notched  or  otherwise 
greatly  distorted  waves  having  been  avoided.  The  table  shows  that  the 
oscillations  have  •&  rate  of  about  470  per  minute,  and  that  the  variation  in 
rates  as  it  is  calculated  from  short  stretches  of  curve  is  about  90  oscillations 
per  minute.  Exceptional  cases  are  met  with  in  wliich  the  variation  is 
greater,  when  it  may  amount  to  as  much  as  200  per  minute.  The  liighest 
rate  met  with  laj^  a  httle  over  600  per  minute,  and  the  lowest  at  300  per 
minute.  It  is  shown  by  the  curves,  and  by  the  figures  of  the  table, 
that  in  anj^  one  patient  the  rate  is  constantly  changing  within  certain  fimits. 
These  changes  in  rate  are  due  to  variations  in  the  lengths  of  the  oscillation 
cycles  and  to  grouping  of  shorter  or  longer  cycles  from  time  to  time. 

Form  of  the  oscillation.  It  is  cHfficult  to  point  to  particular  oscillations 
as  types,  as  they  are  constantly  changing  in  amplitude,  shape  and  duration. 
But  in  all  curves  they  conform  in  tjpe  in  greater  or  less  degree.  When  the 
lead  is  favourable,  and  the  osciUations  are  large,  they  consist  usually  of  a 
sharp  upstroke  followed  by  a  more  gentle  downstroke.  Usually,  in  fact, 
they  closely  resemble  the  oscillations  found  in  auricular  flutter.  The 
resemblance  in  curves  from  limb  leads  has  been  referred  to  frequently  by 
other  writers,  notably  by  Robinson,*  and  Hewlett  and  Wilson. ^  It  stronglj^ 
suggests  that  the  origin  is  similar  in  both  conditions.  The  ampUtude  of  the 
oscillations  varies  greatly  in  some  curves,  and  but  Httle  in  others.  There 
appears  to  be  no  special  period  of  the  heart's  cycle  which  is  associated  with 
large  or  small  amplitude.  Systole  or  diastole  of  the  ventricle  appears  to  be 
without  effect  (see  Figs.  7  and  9). 
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Rate  of  oscillation. 


Xi 


slioi-t 

series 

counted. 


Average  rate. 


Highest  rate  Lowest  rate 

(one  series  of  t<?n)  (one  series  of  ten). 


446 
510 
429 
426 
500 
461 
497 
355 
425 


500 
500 
480 


500 
540 
480 
510 
380 
450 
520 
620 
540 
480 
600 
550 


420 
430 
360 
390 
430 
430 
480 
300 
375 
430 
500 
420 
420 
530 
450 


18 

« 

431 

470 

400 

19 

7 

455 

540 

420 

20 

6 

446 

480 

420 

21 

13 

440 

470 

400 

22 

13 

464 

550 

420 

23 

2 

430 

430 

430 

24 

4 

390 

450 

340 

Average  . . 

92 

473 

504 

414 

Reversal  in  direction  and  form  of  the  oscillation.  In  Fig.  10  a  record  of 
two  simultaneous  electrocardiograms  from  chest  leads  in  a  clinical  case  of 
auricular  fibrillation  is  shown.*  The  cycles  have  been  measured  in 
the  lower  curve,  and  written  vertically  above  each  cycle.  The  oscillations 
a  to  h  may  be  described  as  beginning  with  a  sharp  upward  phase  from  which 

*  It  happens  that  at  the  date  this  record  was  taken  digitalis  or  strophanthus  therapy   had 
not  been  coinnienced  in  tliis  case. 
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the  curve  descends,  at  first  abruptly  and  tlien  more  graduallj-  ;  the  same 
events  are  then  repeated.  They  are  almost  regularly  placed  and  have 
similar  amplitudes.  The  length  of  these  cycles  varies  from  0143  to  0159 
of  a  second.  They  are  followed  by  a  series  of  oscillations,  j  to  m.  which  appear 
to  be  reversed  in  direction  and  form  ;  each  may  be  described  as  beginning 
in  a  downward  phase,  at  first  gradual,  but  ending  more  abruptly  ;  the  curve 
then  rises  abruptly  and  the  events  are  repeated.  These  oscillations  are  also 
regularly  placed,  and  vary  little  in  length,  being  about  01 60  of  a  second. 
The  apparent  reversal  of  form  and  direction  is  associated  with  a  change  in 
the  level  at  which  the  oscillations  lie  ;  though  the  position  of  the  zero  line 
is  not  ascertainable,  it  is  clear  that  the  first  oscillations  lie  mainly  above, 
and  the  last  oscillations  mainly  below  it.  The  cycle  t,  in  which  the  change 
occurs,  is  shortened  by  the  apparent  prematurity  of  the  movement  j  which 
follows  it.  The  same  change  is  suggested  again  by  the  form  of  the  last 
half  of  the  same  curve.  A  comparison  of  the  two  groups  shows  that  the 
oscillations  are  of  approximately  the  same  length  and  amplitude,  but  have 
similar  but  reversed  characteristics,  and  it  is  concluded  that  the  general 
flow  of  the  excitation  wave,  relative  to  the  sternal  lead,  became  reversed. 
A  similar  change  in  direction  and  form  is  suggested  in  phases  of  the  lower 
curve.  Fig.  5.  Such  change  in  the  form  of  the  oscillations  as  is  here  described 
is  a  very  unusual  event.     It  has  been  seen  in  the  curves  of  two  patients  only.* 

Favourable  and  nnjavourabh  leads.  The  observations  which  have  been 
described  in  this  pajjcr  convince  us  of  the  importance  of  the  position  of  the 
lead,  in  attempting  to  obtain  a  true  representation  of  auricular  movement 
in  cUnical  cases  of  auricular  fibrillation.  In  lead  //,  as  has  been  clearl}'^ 
shown  in  the  curves,  the  distortions,  notcliings  and  disappearance  of  the 
o.scillations  are  much  commoner  than  in  either  of  the  chest  leads.  The  lead, 
apart  from  its  other  imperfections,  is  considered  to  be  in  a  less  favourable 
plane  for  registering  auricular  movement  than  either  of  the  chest  leads 
described.  This  is  borne  out  by  the  fact  that  when  contacts  are  arranged 
on  the  chest  in  the  line  of  lead  /  /  the  results  are  not  favourable  ;  and  it  is 
found  that,  in  general,  any  position  which  does  not  approximate  to  the  two 
general  positions  described  gives  a  less  favourable  result.  The  two  positions 
described  gave  the  most  constant  records  of  coarse  oscillations,  though,  as 
has  been  pointed  out,  the  auricular  activity  may  change  from  time  to  time, 
and  one  or  other  of  these  leads  may  for  the  moment  become  unfavourable 
and  record  the  oscillations  imperfectly.  The  idea  of  favourable  and  un- 
uufavourable  leads  is  emphasised  because  it  is  sufficient  to  explain  all  the 
features  of  the  oscillations  met  with  in  the  curves  of  chest  leads  on  the 
assumption  that  the  auricle  is  maintaining  a  fairh'  regular  and  continuous 
movement,  but  that  the  general  direction  of  the  excitation  wave  relative  to 
the  contacts    changes  from  time  to  time  and  in  greater  or  lesser  degree. 

*  Tlie  other  case  was  under  digitalis  treatment. 
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Such  a  conclusion  is  full)-  suj^ported  by  the  curves  obtained.  Of  the  two 
direct  chest  leads  the  anteroposterior  lead  is  on  the  whole  the  more 
favourable.  The  position  of  the  most  favourable  leads  is  usually  in  or 
near  to  the  sagittal  plane  of  the  body. 

Dificussio7i. 

It  has  been  shown  in  this  article  that  single  electrocardiograms  from 
clinical  fibrillation  of  the  auricles  are  insufficiently  representative  of  the 
general  movement  of  the  auricle.  When  simultaneous  leads  are  used,  and 
when  these  two  leads  are  suitably  arranged  upon  the  chest  wall,  it  becomes 
clear  that  the  groups  of  rapid  oscillations,  such  as  are  often  to  be  seen  in  a 
single  lead,  are  in  reality  complex  representations  of  a  single  movement,  and 
the  small  amplitude  and  subdivision  of  the  resultant  curve  is  due  to  the  lead 
being  unfavourable  for  that  particidar  movement.  There  is  very  distinct 
evidence  that  in  all  cases  of  fibrillation  there  is  a  main  movement  of  excitation 
waves  at  about  470  per  minute  and  that  the  movement  is  continuous.  It 
also  seems  evident  that,  speaking  quite  broadly,  this  movement  is  a 
movement  which  is  repeated.  The  general  and  usual  repetition  of  oscillations 
of  a  type  from  moment  to  moment  is  hardly  to  be  explained  in  any  other 
manner.  But  that  there  is  change  is  shown  because  the  repetition  is  rarely 
accurate  and  because  from  time  to  time  the  oscillations  disappear  temporarily 
from  a  given  lead.  The  disapjjearance  of  oscillations  from  one  curve  is  not 
to  be  ex^ilained  by  a  discontinuation  of  the  main  movement  but  by  a  more 
decided  alteration  in  direction  ;  the  very  occasional  examples  in  which  an 
apparent  reversal  in  direction  and  form  of  the  oscillation  is  seen  in  a  single 
lead  conforms  to  this  conclusion. 

Now  the  general  form  of  the  oscillations  in  the  curve  bears  a  striking 
resemblance  to  that  seen  in  cases  of  auricular  flutter,  wliich  in  a  previous 
article  of  this  series*  has  been  regarded  as  a  simple  circus  movement ;  it  has 
also  been  pointed  out  in  a  previous  article^  that  in  impure  flutter  the 
auricular  complexes  of  the  electrocardiogram  become  distorted  and  somewhat 
irregular  in  their  incidence.  These  changes  have  been  ascribed  to  a  change 
in  the  path  taken  by  the  central  circulating  wave  and  by  its  centrifugal 
offshoots.  If  the  simple  circus  movement  is  responsible  for  the  amicular 
complexes  of  flutter,  then  it  is  difficult  to  avoid  the  conclusion  that  the 
oscillations  of  fibrillation  have  a  similar  origin.  The  present  observations 
seem  compatible  \\ith  the  idea  that  cUnical  fibrillation  is  a  state  of  flutter, 
in  which,  as  the  experimental  work  goes  to  show,  the  wave  follows  a  sinuous 
and  changing  path.  The  rate  of  movement  in  chnical  flutter  is  about  300 
per  minute,  in  fibrillation  it  is  about  470  per  minute.  There  is  approximately 
the  same  increase  in  the  rate  of  movement  as  is  to  be  seen  in  passing  from  the 
usual  rate  of  pure  flutter  to  that  of  very  impure  flutter  in  the  dog.  The 
conclusion  at  which  we  arrive,  namely,  that  the  oscillations  seen  in  clinical 
curves  are  produced  by  a  single  though  varying  circus  movement,  is  based 
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upon  the  observations  in  the  present  article,  taken  in  conjunction  with  tlie 
simultaneous  observations  upon  animals  recorded  in  the  preceding  articles 
of  the  series,  and  in  the  article  which  immediately  follows. 


Conclusions. 

1.  In  eUnical  fibrillation,  Hmb  leads  give  curves  which  are  not  fully 
representative  of  the  auricular  movement,  partly  because  oscillations  are 
introduced  from  the  muscle  of  the  body  and  j^artly  because  the  planes  in 
which  the  leads  lie  are  unfavourable. 

2.  By  adopting  favourable  chest  leads,  and  especially  by  using 
simultaneous  chest  leads,  the  coarse  oscillations  can  be  shown  to  be 
continuously  present  at  a  rate  of  about  470  per  minute. 

3.  Tiie  most  favourable  plane  for  chest  leads  is  usually  near  the 
sagittal  plane  of  the  body. 

4.  In  fibrillation  the  form  of  the  oscillation,  in  general,  closely 
rt'sembles  the  auricular  waves  in  electrocardiograms  of  auricular  flutter. 

5.  The  phases  of  coarse  oscillation  found  in  curves  obtained  from 
cases  of  clinical  fibrillation,  both  with  limb  and  chest  leads,  is  not  dependent 
upon  nor  associated  with  respiration. 

6.  («)  The  chnical  curves  are  explained  if  it  is  assumed  that  in 
fibrillation  the  excitation  wave  is  single  and  moves  through  a  re-entrant 
path  which  varies  from  cycle  to  cycle,  (b)  The  phasic  appearance  and 
disappearance,  the  distortion,  and  the  notching  of  the  oscillations  in  chest 
leads  arc  ascribed  to  a  change  in  the  direction  which  the  circulating 
take  relative  to  the  contacts  in  travelhng. 
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Fig.  1.     Curve  of  respiration  and  chest  lead  electrocardiogram  recorded  simultaneously. 

(a)  Case  No.  3.  Electrocardiogram,  antero-posterior  chest  lead,  top  curve  ;  standard 
3  mv.  =  1  cm.  Respiration,  bottom  curve  :  inspiration  "  up."  expiration  "  down."  Time, 
one-fifth  of  a  second. 

(6  and  (•)  Case  No.  21.  Electrocardiogram,  sternal  chest  lead,  top  curves,  standard 
3  mv.  =  1  cm.  Respiiation,  bottom  curve  ;  inspiration  "  up,"  expiration  "  down."  Time, 
one-fifth  of  a  second. 
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Fig.  2.  Case  No.  3.  Limb  lead  (lead  /  7)  and  chest  lead  electrocardiograms  recorded 
simultaneously.  Lead  / 1  ;  top  curve,  standard  3  mv.  =  3  cm.  Sternal  lead  :  bottom 
curve,  standard  3  mv.  =  2  em.     Time,  one-fifth  of  a  second. 
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:?.  Case  Xo.  II.  I.inib  lead  (lead  7/1  and  chest  lead  eleetrocardiograms  recorded 
siimiltrtueously.  Lead  / /.  lo)>  curve.  Antero-posterior  lead:  bottom  curve,  st^indai-d 
(liolli  strings)  3  iiiv.  =  3  cm.     Time,  one. fifth  of  a  second. 
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Fig.  4.  Ca.se  Xo.  7.  Limb  lead  (lead  //)  and  chest  lead  electrocardiograms  recorded 
simultaneously.  Lead  I  I  :  top  ciu-ve.  standard  3  mv.  =  3  cm.  Anteroposterior  lead  : 
1  ottom  curve,  standard  3  mv.  =  4  cm.     Time,  one-fifth  of  a  second. 
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Fiji.  5.  Case  No.  +.  Limb  lead  (lead  /  /)  and  chest  lead  electrocardiograms  recorded 
simnltanpouslv.  Lead  /  /,  top  curve.  Anteroposterior  lead  :  bottom  curve,  standard 
(botl,  strings)  3  .in  .  -.  W  em.     Time,  oi.r-fifth  of  a  second. 
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Fig.  (i.  Case  No.  fi.  Two  chest  lead  electrocardiograms  recorded  simultaneously.  Sterna!  lead  : 
top  curve.  Anteroposterior  lead  ;  bottom  curve,  standard  (both  strings)  3  mv  =  3  cm, 
Time,  one-fifth  of  a  second. 
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Fifr.  7.  Cn-se  No.  I.  Two  chest  lead  electrocartliograms  recorded  simultanoously.  Antcr 
posterior  load  ;  top  curve.  Sternal  lead  ;  bottom  curve,  standard  (both  strings)  3  mv. 
1,',  cm.      Tiiiii'.  one-fifth  of'a  second. 
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Fig.  n.  Case  No.  G.  Two  chest  leads  flectrocaTclioiiiaiiis  reeortled  sinniltanoously.  Sternal 
leail.  top  i.iiive.  Autero-posterior  leeil.  liottoni  ruive,  staiularcl  (both  strings)  3  mv.  = 
:{  cm.     'I'iine,  one-iifth  of  a  second. 
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10.  Ca.se  Xo.  11.  Two  cliest  load  electrocardiograms  recorded  simultaneously.  Antero- 
posterior lead,  top  ciu-ve.  Sternal  lead,  bottom  cuive,  standard  (both  string.s)  .S  mv.  = 
'i  cm      Time,  one-tenth  of  a  second. 


OBSERVATIONS  UPON  FLUTTER  AND  FIBRILLATION. 

Tart  IX.— THE  NATURE   OF  AURICULAR  FIBRILLATION   AS   IT 
OCCURS  IN  PATIENTS. 

Bv  THOJLAS  LEWIS.* 


An  ob.servalion  upon  impure  flulter. 

Before  proceeding  to  the  main  subject  of  the  present  article  an  ob.ser- 
vation  is  to  be  described  which  confirms  a  conclu.sion  of  a  previous 
article.  The  term  impure  flutter  has  been  used  to  designate  varieties  of 
flutter,  disturbed  in  lesser  or  greater  degree.  It  is  the  smooth  course  of  the 
excitation  wave  which  is  disturbed,  and  the  interference  ajjpears  on  occasion 
to  be  very  local.  This  conclusion  rests  chiefly  upon  observations  in  which 
simple  irregularities  in  the  direct  leads  are  compensated  ;  the  auricular 
complexes  in  limb  leads  presenting  throughout  no  sign  of  disturbance.  In 
support  of  the  same  conclusion,  a  record  (Vol. VII,  page  335,  Fig.  10)  has  been 
published,  showing  that  at  one  point  of  the  auricular  surface  a  series  of 
excitation  waves  appeared  regularly,  while  the  simultaneous  limb-lead 
indicated  disturbed  flow  in  some  other  region  of  the  auricle.  The  conclusion 
that  a  disturbance  in  the  smooth  flow  of  the  excitation  Avave  in  flutter  ma}-  be 
purely  a  local  event  is  one  of  con.sequence  to  the  hypothesis  which  would 
explain  fibrillation  ;  the  record  now  to  be  described  supports  this  conclusion. 
The  record  is  shown  in  Fig.  5.  It  is  one  of  the  simplest  of  a  series 
taken  from  the  same  animal, f  all  of  which  showed  either  impure  flutter 
or  fibrillation  of  the  auricle.  The  curves  were  taken  simultaneously  from 
three  .sets  of  closely  paired  contacts,  placed  in  fine  upon  the  body  of  the 
auricle  and  parallel  with  the  sulcus  terminaUs.  The  arrangement  of  the 
contacts,  each  pair  of  which  covered  8  miUimetres  of  muscle,  is  shown  to  the 
right  of  Fig.  1,  in  which  the  deflections  of  the  record  are  charted.  The 
method  of  charting  is  similar  to  that  which  has  been  used  previously.^ 

*  Working  on  behalf  of  the  Jledical  Research  Council. 

t  All  the  dogs  used  for  the  observations  of  this  article  were  fully  ansrsthetised  with  morpliia, 
paraldehjde  and  ether  throughout  the  experiments. 

1  As  the  amplitude  of  the  deflections  varies  httle,  these  are  drawn  of  equal  height  in  the 
diagram  to  simplify  it. 
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Consider  tlic  last  five  charted  deflections  j  to  n.  The  events  are  regular. 
In  each  record  is  a  series  of  deflections  which,  by  their  downward  direction, 
all  indicate  that  the  excitation  waves  to  A\hich  they  eorresi^ond  strike  the 
c  contacts  first  of  all ;  the  order  of  precedence  in  the  three  curves  is 
harmonious  with  the  direction  of  the  deflections,  each  excitation  wave 
strikes  contacts  /,  2  and  3  in  that  order.  The  waves  are  proceeding  regularly 
from  the  inferior  caval  to  the  superior  caval  region.  But  at  the  two  points  the 
record  is  disturbed,  namely,  by  waves  c  to  J.  In  the  centre  curve  (*  in  Fig.  5) 
an  upright  deflection  appears,  and  it  is  slightly  but  definitely  premature 
(01289  of  a  second)  ;  during  the  preceding  cycle  a  different  form  of  dis- 
turbance is  seen  in  lead  3,  here  the  deflection  is  sUghtly  but  definitely 
delayed  (01 41 2  of  a  second)  though  its  form  does  not  alter.  Both  these 
disturbances  are  precisely  compensated  ;  compensation  occurs  at  once  in  the 
case  of  the  premature  beat ;  in  the  case  of  the  delayed  beat,  compensation  is 
hindered  because  the  excitation  wave  i  is  premature  in  lead  3  in  sympathy 
with  its  prematurity  in  lead  2.  The  precise  compensation  of  the  double 
disturbance  is  appreciated  when  the  time  relations  of  deflections  /  and  g 
are  compared  with  those  of  deflections  j  and  k,  and  when  it  is  noticed  that 
in  lead  1  the  deflections  are  regular  in  their  incidence  over  the  disturbed 
period.  Now  the  two  disturbances,  prematurity  of  one  deflection  and  delay 
of  the  other,  do  not  appear  to  be  connected  ;  for  in  an  earher  part  of  the 
record,  similar  disturbances  are  seen  (waves  a  and  c),  but  here  they  are 
separated  by  deflections  (b)  having  the  usual  time  relations  to  each  other. 

The  excitation  waves  which  strike  the  first  pair  of  contacts  are  waves 
emanating  from  the  central  circus  movement  at  regular  intervals.  Usually 
the  same  excitation  waves,  or  corresponding  and  parallel  waves,  flow  regularly 
ov-er  the  second  and  third  pair  of  contacts,  yielding  a  regular  and  repeated 
motion.  But  the  waves  c  and  j  take  a  sliglitly  quicker  path  to  the  second 
pair  of  contacts  ;  these  waves  have  deviated  from  their  accustomed  course  ; 
to  the  waves  a  and  h  there  has  been  some  shght  obstruction  in  their  passage 
to  the  third  pair  of  contacts.  The  courses  of  the  waves  are  indicated  in  a 
diagrammatic  fashion  in  the  figure.  The  irregularity  of  flow  is  a  local  affair  ; 
the  contacts  have  been  so  placed  that  all  have  not  been  affected.  The 
disturbance  occurs  in  one  case  between  the  first  and  second  pairs,  in  the  other 
case  between  the  second  and  third  pairs. 

Definition  and  preliminary  discussion  of  auricular  fibrillation. 

In  previous  articles  of  this  series  the  word  fibrillation  has  been  used  in 
speaking  of  a  form  of  disordered  auricular  action.  Now  the  term  "  auricular 
fibrillation  "  does  not  as  j'ct  convey  a  precise  or  universal  meaning  ;  it  has 
been  defined,  deUberately  or  by  inference,  in  different  ways  by  different 
workers.  It  has  been  defined  upon  the  basis  of  visible  or  mechanically 
recorded  events  in  the  auricles,  of  its  influence  upon  the  ventricle,  of  the 
hieroglyphic  of  the  electrocardiogram.     The  term  has  usually  been  extended 
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to  include  the  disturbance  which  we  have  renamed  the  state  of  rapid 
re-excilalion.  As  it  is  used  by  successive  writers,  the  term  shifts  its  scope, 
the  definition  alters  as  our  knowledge  of  disordered  auricular  action  grows. 
While  such  change  in  terminology  forms  a  natural  sequence  to  new 
observations,  it  is  at  the  same  time  undesirable,  tending  as  it  does  to  confuse 
discussion.  Much  as  a  fixed  definition  is  needed,  it  may  not  be  possible  at 
the  present  stage  to  offer  one  which  will  enjoy  universal  acceptance.  In 
searcliing  for  such,  two  considerations  stand  out  prominently  ;  the  definition 
should  be  in  the  nearest  possible  accord  with  the  general  idea  of  the  term's 
meaning  as  it  is  now  current,  and  it  should  be  chosen  ^^ith  forethought 
for  its  stability.  These  two  con-siiderations  are  not  necessarily  compatible  : 
a  definition's  stability  usually  hangs  upon  its  precision  and  closeness, 
and  the  general  idea  may  prove  neither  precise  nor  close.  In  such 
circumstances  one  of  two  courses  is  open,  a  definition  may  be  chosen  for  its 
precision  and  narrowness  and  ^\'ith  a  view  to  effecting  change  in  the  current 
idea  of  the  object  defined  ;  or,  on  the  other  hand,  it  is  chosen  to  maintain 
this  idea,  temporarily  at  all  events,  while  some  risk  of  instability  is  accepted. 
The  choice  mil  largely  depend  upon  the  extent  to  wliich  the  current  idea  is 
deemed  of  consequence.  In  searcliing  for  a  definition  of  the  term  auricular 
fibrillation,  wliile  engaged  in  the  present  observations,  these  considerations 
have  decided  in  favour  of  the  second  course,  since  the  ciu-rent  idea  of  the 
term's  meaning  in  tliis  instance  appears  to  be  of  paramount  importance. 
"  Auricular  fibrillation  "  is  a  term  now  used  most  frequently  to  denominate 
the  clinical  state,  and  a  close  definition,  based  on  experiment,  might  in  the 
future  find  itself  in  conflict  A^ith  the  clinical  meaning  ;  were  that  to  become 
the  case,  the  result  would  be  unfortunate.  Although  the  term  was  originally 
used  to  describe  a  condition  witnessed  in  experiment,  yet  this  consideration 
shoidd  not  be  allowed  to  weigh  heavily  ;  it  is  more  than  counterbalanced 
by  the  importance  of  maintaining  the  jn-esent  cUnical  sense  of  the  term.  The 
last  is  now  l)ascd  ultimately  on  electrocardiograjihic  records,  the  term 
"  auricular  fibrillation,"  as  it  is  used  clinically,  {m2)Ucs  that  more  or  less 
conspicuous  and  continuous  osciUations  of  varying  form  and  dimensions,  and 
of  auricular  origin,  are  to  be  discerned  in  leads  from  the  limbs.  A  chief 
difficulty  in  attempting  more  strictly  to  define  the  term  at  present  arises 
out  of  the  apparently  complete  transition  between  states  which  I  have  so 
far  called  '"  impure  flutter  "  and  disorders  of  somewhat  higher  grade. 

Tliis  method  of  defining  fibrillation  on  the  basis  of  cfinical  records  has 
the  advantage  of  bringing  us  at  once  to  oiu-  critical  problem,  wliich  is  to 
enquire  into  the  nature  of  those  disorders  of  the  human  heart  which  display 
the  electrocardiographic  curves  at  present  generally  associated  with  the 
term  "  auricular  fibrillation." 

In  attempting  to  analyse  what  is  happening  in  the  auricle  while  that 
chamber  is  fibrillating,  in  the  sense  of  the  foregoing  definition,  it  would  be 
unsound  to  consider  any  after-effects  of  stimulation,  which  arc  not  proved 
to  yield  electrocardiograms  (curves  from  the  limbs)  of  the  clinical  type. 
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For  this  reason  those  after-effects  are  chosen  which  are  of  sufficient  length. 
During  the  progress  of  long-continued  after-effects  we  may  record  curves 
simultaneously  from  two  direct  leads  and,  from  time  to  time,  may  transfer 
the  lead  from  one  pair  of  contacts  on  the  auricle  to  contacts  on  the  Umbs. 
Therebj'  we  sample  the  electrocarchogram  from  time  to  time  during  the 
continuation  of  the  after-effect,  make  it  reasonablj-  certain  that  the  mechanism 
is  comparable  to  the  cUnical  disorder,  and  also  assure  ourselves  that  the 
mechanism  is  in  the  general  sense  unchanging.  An  even  better  plan  is  to 
record  with  three  strings,  maintaining  one  of  them  in  connection  with  the 
limbs,  and  using  the  remainder  to  record  directly  from  the  auricle  ;  this 
plan  has  been  adopted  in  later  experiments  by  using  a  single  and  a  double 
string  galvanometer  simultaneously.*  There  are  other  and  even  more 
serious  objections  to  the  analysis  of  curves  obtained  from  short  after-effects  ; 
short  after-effects,  produced  by  stimulating  the  auricle,  lack  the  stabihty 
of  cUnical  fil)rillation,  which  is  one  of  its  most  striking  features  ;  they  are 
constituted  for  the  most  part  by  responses  of  the  auricle  to  a  local  state  of 
rapid  re-excitation,  a  state  so  far  unknown  to  cHnical  pathology.  The 
local  state  of  rapid  re-excitation  may  last  some  10  or  Jo  seconds  ;  it  is 
unsafe  to  accept  any  curve  therefore  as  an  example  of  fibrillation,  which  is 
inscribed  before  the  after-effect  has  been  in  progress  for  20  seconds  or 
preferablj-  longer  ;  those  after-effects  wliich  last  many  minutes,  an  hour 
or  longer,  are  evidently  the  most  valuable  for  our  analysis.  These  necessary 
precautions  make  the  observations  much  more  tedious,  for,  in  most  animals, 
short  after-effects  alone  are  to  be  obtained  ;  it  is  only  by  repeated  experi- 
ment and  by  seizing  the  opportunities  as  these  present  themselves,  that 
sufficient  material  is  to  be  obtained. 

In  an  earlier  article  it  has  been  shown  that  the  continued  after-effects 
of  auricular  stimulation  are  of  varjdng  degrees  of  complexity.  From  pure 
flutter  we  pass  to  simple  examples  of  impure  flutter,  and  from  these  to  more 
complex  examples  in  wiiich  eventually  the  basal  or  circus  movement  shows 
manifest  signs  of  disturbance.  Repeated  evidence  has  been  obtained  that  the 
impurity  of  flutter  is  produced  by  hindrances  to  the  natural  progress  of  the 
excitation  waves,  whereby  they  are  deflected  and  their  courses  become 
sinuous  and  inconstant.  The  view  which  has  been  adopted  is  that  in  clinical 
fibrillation  tliis  sinuosity  of  course  is  universal  and  affects  not  onlj-  the 
centrifugal  paths  but  also  the  central  path,  along  which  the  basal  and 
re-entrant  wave  passes.  A  first  enquiry  which  suggests  itself,  is  the  degree 
to  wliich  this  process  is  carried  in  fibrillation  of  the  auricle,  and  especially 
the  degree  in  which  the  basal  circus  movement  becomes  disturbed.  That 
fibrillation,  once  estabhshed,  continues  long  after  its  initiating  cause  is 
withdrawn,  in  itself  argues  powerfuUj'  for  its  dependence  upon  re-entry 
of  the  excitation  wave.  When  we  consider  that  impure  flutter,  itself 
maintained  by  a  central  circus  movement,  passes  imperceptibly  into  the 

*  The  instruments  being  set  up  in  parallel  and  recording  on  the  same  plate. 
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disorder  of  higlier  grade,  and  tliat  these  disorders  are  cliaracterised  in 
electrocardiograms  by  oscillations  which  bear  often  a  striking  resemblance 
to  those  of  impure  flutter,  it  is  already  difficult  to  escape  the  conclusion 
that  fibrillation  is  likewise  controlled  by  circus  movement.  What  has  not 
yet  been  discussed  sufficiently  is  whether  the  circus  movement  is  single  or 
multiple.  Briefly,  we  have  to  ascertain  if  the  movements  of  the  auricle 
at  any  moment  are  governed  by  one  or  more  circulating  waves.  In  the 
examples  of  impure  flutter,  which  have  been  described,  it  is  clear  that  there 
is  but  a  single  re-entrant  wave  ;  it  is  equally  clear  that  the  course  of  this  wave 
is  disturbed  ;  it  is  not  so  accurately  repeated  as  it  is  in  instances  of  pure 
flutter.  Will  an  increased  variation  in  the  central  path  sufficiently  account 
for  the  phenomena  of  fibrillation  ;  or  must  we  suppose  that  several  circuit 
movements  exist  ? 

This  and  associated  problems  will  now  be  considered. 


Observations  upon  experimental  fibrillation. 

In  attempting  to  analyse  impure  flutter,  a  stage  is  reached  at  which, 
owing  on  the  one  hand  to  the  altering  form  of  the  auricular  complexes,  and 
on  the  other  to  the  sinuous  courses  of  tlie  centrifugal  waves,  anything  like 
a  complete  analysis  of  the  paths  taken  by  the  waves  becomes  impossible. 
The  standard  of  measurement  in  comparing  the  time  relations  of  successive 
cycles  is  lost  when  the  auricular  complexes  become  broken  or  irregularly 
divided  ;  the  intrinsic  deflections  cannot  be  taken  as  true  indices  of  the 
circus  movement  owing  to  their  variable  delay  in  transit.  Nevertheless, 
analysis  is  possible  to  a  point.  In  single  curves  and  in  series  of  curves  from 
the  same  after-effect,  it  is  the  rule  to  find  that  most  of  the  deflections  are  of 
similar  direction  and  of  similar  form.  This  similarity  is  independent  of  the 
muscle  region  from  wliich  the  curves  are  taken.  The  general  direction 
indicated  by  the  curves  of  a  series  is  harmonious,  indicating  that  at  difterent 
parts  of  the  surface  the  general  direction  is  similarly  governed.  Thus,  the 
general  direction  may  be  up*  the  tisnia,  up  the  body  of  auricle  along  a 
parallel  course,  and  from  base  to  tip  of  the  right  appendix.  In  all  cases  the 
general  direction  seems  to  be  up  the  S.V.C.  and  down  the  I.V.C,  i.e.,  in  a 
direction  contrary  to  the  blood  stream.  It  should  be  understood  that  these 
directions  are  by  no  means  universally  followed  by  individual  waves  ;  they 
are  the  directions  which  predominate.  These  observations  are  compatible 
with  the  view  that  the  waves  are  controlled  by  a  circular  movement 
(clockmse  or  anti-clockwise  as  the  case  may  be)  whicli,  though  varying, 
repeats  the  same  general  rotation. 

Such  being  the  conclu.sion,  we  should  expect  to  see  a  considerable  degree 
of  harmony  between  curves  taken  from  closely  adjoining  muscle  areas  and 
to  find,  in  the  intervals  separating  corresponding  deflections  of  the  two  curves, 

*  Or  down,  as  the  case  may  be. 
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evidence  of  the  direction  of  flow  compatible  mtli  that  derived  from  the 
direction  of  the  deflections. 

Figs.  6  and  7  were  taken  from  an  auricle  during  a  period  of  fibrillation 
lasting  11  minutes  ;  Fig.  6  was  taken  3^  minutes,  and  Fig.  7,  5  minutes  after 
the  end  of  the  provocative  stimulation.  Three  pairs  of  contacts  had  been 
placed  on  the  body  of  the  right  auricle  parallel  to  the  taenia  terminaUs,  and 
about  li  centimetres  from  it ;  in  the  first  record,  the  two  lower  pairs  {2  and  3) 
were  used  as  direct  leads  and  the  top  string  of  the  record  was  used  to  record 
simultaneously  from  lead  //.  In  the  second  record  the  top  string,  liitherto 
recording  from  lead  //,  was  connected  to  the  top  pair  of  auricular  contacts  (/), 
and  simultaneous  curves  from  three  direct  leads  were  recorded.  The  lead 
from  each  of  the  three  pairs  of  contacts  w  as  so  arranged  that  the  Z  contact 
lay  towards  the  superior  vena  cava  ;  an  excitation  wave  passing  from  above 
downwards  over  all  contacts  would  thus  jHeld  an  upright  deflection  of  each 
string.     The  distance  between  anj'  two  Z  contacts  was  8  millimetres. 

The  curve  from  lead  //  (Fig.  6)  presents  many  points  of  close 
resemblance  to  those  of  clinical  fibrillation.  A  series  of  oscillations  (1-11) 
is  seen  in  the  central  portion  of  the  curve  ;  the  first  and  last  portions  of  the 
curve  show  oscillations  of  lesser  ampUtude  and  greater  rate.  The  numbered 
oscillations  seem  at  first  sight  regular,  Ijut  measurement  of  the  intervals 
between  them  will  show  that  this  regularity  is  not  precise  as  it  is  in  pure 
flutter,  and  it  will  also  be  seen  that  tlie  individual  oscillations  vary  in  form. 
Short  series  of  oscillations  of  this  kind  arc  not  uncommon  in  curves  classed 
as  clinical  fibrillation,  and  are  often  responsible  for  the  term  "  coarse 
fibrillation,"  the  resemblance  of  which  to  flutter  has  more  than  once  attracted 
notice.  We  can  with  some  degree  of  certainty  assume  that  these  eleven 
oscillations  are  produced  by  a  single  central  wave  wiiich  circulated  ;  for  this 
short  stretch  of  curve  is  identical  with  those  jircviously  described  as  complex 
instances  of  impure  flutter.  But  the  conspicuous  oscillations  are  transient  ; 
just  as  in  the  clinical  curves,  the  o.scillations  die  away  from  time  to  time,  to 
reappear  later  (see  Fig.  11,  which  is  from  the  same  after-effect).  Are  we  to 
assume  that,  during  the  period  when  the  oscillations  become  less  distinct 
and  more  numerous,  a  single  circus  movement  has  given  place  to  two  or  more  ? 
The  answer  is  in  part  found  in  the  curves  of  the  direct  lead  ;  these  speak  for 
a  very  similar  mechanism  throughout.  The  electrograms  both  display  a 
number  of  irregular  deflections.  In  curve  2  (Fig.  G)  the  passage  of  each 
excitation  wave  is  signalled  by  a  movement  of  the  string  ;  sometimes,  as  in 
the  case  of  deflection  q,  the  movement  is  of  con.siderable  ampHtude,  but  for 
the  most  part  the  ampHtude  is  much  less  and  the  passage  of  the  excitation 
wave  is  marked  by  several  deflections  when  the  excursion  is  smaU.  The 
cause  of  these  small  grouped  deflections  is  the  passage  of  the  excitation  wave 
in  an  obhque  direction  across  the  contacts.  In  curve  3  the  deflections 
are  better  defined  ;  in  this  curve,  as  in  curve  2,  the  direction  of  the 
conspicuous  deflections  varies  from  time  to  time.  In  measuring  records  of 
this  type  it  is  often  difficult  to  fix  upon  that  deflection  wliich  most  truly 
represents  the  passage  of  the  excitation  wave,  and  from  time  to  time  errors 
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of  choice  certainly  occur*  ;  the  rule  is  to  take  the  beginning  of  the  first  steep 
deflection  of  notable  magnitude  at  each  cycle.  The  lengths  of  the  cycles  ai'e 
written  above  curve  2  and  below  curve  3  ;  the  intervals  between  correspond- 
ing intrinsic  deflections  of  the  two  curves  (transmission  intervals)  are  written 
vertically  between  them.  An  examination  of  these  intervals,  or  coarse 
measurement,  shows  that  there  is  obvious  and  close  correspondence  between 
the  main  deflections  of  the  two  curves. f  Corresponding  deflections  of  the 
two  curves  fall  within  at  the  most  a  few  hundredths  of  a  second  of  each  other  ; 
as  often  as  not  they  fall  within  less  than  one  hundredth  of  a  second  of  each 
other.  There  is  evident  harmony.  At  the  same  time  the  transmission 
intervals  are  dissimilar,  they  even  vary  in  sign.  The  majority  of  the  intervals 
are  plus  intervals,  that  is  to  say,  the  deflections  in  lead  //  usually  proceed 
those  of  lead  ///  ;  the  majority  of  the  distinct  deflections  in  both  leads  are 
upright ;  thus  it  is  clear  that  the  general  direction  of  movement  is  from 
contacts  2  to  contacts  3.  This  conclusion  and  the  harmonious  action  of  the 
muscle  is  even  more  strikingly  displayed  by  Fig.  7,  to  obtain  which  three 
simultaneous  direct  leads  were  used.  The  deflections  of  curve  2  in  general 
precede  those  of  curve  3  in  Fig.  6  ;  in  Fig.  7  the  muscle  Ipng  beyond  contacts  2 
has  been  examined,  and  in  the  curve  obtained  (Fig.  7,  1)  the  deflections  are 
seen  to  precede  those  of  curve  2.  Speaking  broadly,  an  orderly  movement  of 
the  waves  from  contacts  1  to  2  and  from  2  to  3  is  displayed.  The  deflections 
of  these  curves  are  somewhat  unusual  in  the  degree  of  their  orderUness  ; 
there  are  but  two  reversed  intervals,  namely — 0008  of  a  second  for 
deflection  e  of  curves  /  and  2  and  — 0039  of  a  second  for  deflection  i  of 
curves  2  and  3  ;  usually  the  reversal  is  more  frequent,  but  it  is  very  rarely  so 
frequent  that  the  general  direction  of  movement  remains  indeterminate  in 
two  simultaneous  leads.  This  record  unquestionably  shows  that  the  action 
of  the  auricular  muscle  is  a  harmonious  one  over  a  length  of  16  milUmetres,J 
by  which  I  mean  that  the  same  excitation  waves  pass  over  the  whole  of 
this  stretch  of  muscle.  To  obtain  direct  evidence  of  the  distance  travelled 
by  the  wave  is  not  an  easy  matter.  Consider  the  uppermost  and  lowermost 
curves  of  Fig.  7  ;  deflections,  shown  to  correspond  because  they  are  Unked 
together  by  the  central  wave,  often  fall  as  much  as  003  of  a  second  apart. 


*  Such  errors  are  not  very  material  when  the  curves  are  treated  on  broad  Unas  ;  if  such 
alternative  points,  as  might  justifiably  be  used,  were  measured  in  the  present  record,  tlie  conclusions 
now  drawn  from  it  would  remain  unchanged. 

t  The  exceptions  (deflections  h  and  h'  and  possibly  deflections  /)  and  p')  will  bo  examined  at  a 
later  stage. 

t  In  1914  I  published  electrograms"  from  the  fibrillating  ventricle,  wliich,  as  I  believed, 
showed  little  or  no  harmony  between  deflections  obtained  from  muscle  areas  lying  very  close 
together.  It  was  this  observation,  and  a  mistaken  idea  that  Mines  conceived  a  simple  circus 
movement,  which  at  the  time  led  me  to  reject  Mines'  theory  of  cirn!^  iiM.\.rii.  nt  as  tlie  basis  of 
ventricular  fibrillation  to  which  it  was  applied.  Observations  ii| en  iln  inmi'  simple  structure 
of  the  auricle  have  forced  me  to  revise  the  views  of  ventricular  fibnllniiMii  ih.  n  c  xpressed,  and  to 
conclude  that  the  apparent  lack  of  harmony  in  adjacent  leads  fmin  tin  Miitiicle  may  be  due 
to  the  complexity  of  its  muscle  layers  and  perhaps  to  the  more  complex  nature  of  fibrillation 
of  the  ventricle. 


FLUTTER     AND     FIBRILLATION.  201 

and  in  this  curve  the  cycles  are  sometimes  no  more  than  010  of  a  second  in 
length.  When  curves  are  taken  from  muscle  areas  lying  as  much  as 
16  millimetres  apart,  the  transmission  intervals  are  often  sufficiently  long 
to  bring  deflections  of  one  curve  into  a  position  nearly  or  actually  midway 
between  two  deflections  of  the  other  curve.  Dealing  as  we  are  with  cycles 
which  vary  in  length,  and  with  transmission  intervals  of  varj-ing  length  and 
sign,  correlation  of  the  deflections  in  two  leads  so  far  apart  often  becomes 
unsafe  or  impossible.  Tliis  is  especially  the  case  when  the  excitation  waves 
are  flowing  more  in  the  line  of  the  contacts  than  was  so  in  the  present 
instance  ;  for  in  these  circumstances  the  transmission  intervals  are  wider. 
It  is  true  that  on  occasion  clear  and  almost  invariable  correspondence  is 
found  when  simultaneous  leads  are  taken  from  areas  at  a  greater  distance, 
but  this  rarely  happens  unless  the  waves  which  reach  the  two  pairs  of 
contacts  diverge  to  them  from  a  central  track  of  muscle.*  A  less  direct, 
tliough  scarcely  less  decisive,  method  has  to  be  adopted.  Judgment  rests 
iqjon  many  records  from  simultaneous  leads  over  shorter  stretches  of  muscle. 
If  the  excitation  waves  arose  from  several  independent,  areas,  then  from 
time  to  time  discordance  between  the  deflections  would  be  encountered  ;  with 
the  exceptions,  presentlj*  to  be  described,  such  discordance  is  not  discovered. 
A  rule  which  is  not  broken  is  that  the  great  majority  of  deflections  in  leads 
from  muscle  points  8  milhmetres  apart  are  definitely  related  to  each  other 
in  point  of  time.  Such  e\adence  shows  that  in  general  the  whole  auricular 
surface  is  covered  by  the  same  excitation  wave  or  offshoots  from  it,  and  that 
those  slight  variations  which  occur  from  cycle  to  cycle  in  the  transmission 
intervals  are  attributable  solely  to  the  sinuous  and  changing  paths  which 
these  waves  pursue  in  covering  the  muscle.  Thus,  the  mechanism  of 
fibrillation  seems  to  be  a  more  simple  affair  than  might  be  imagined  from 
inspection  of  the  auricle  ;  and  the  term  fibrillation,  in  its  strict  sense  of 
independent  movement  of  the  fibres,  seems  scarcely  warranted. 

Curves  obtained  from  muscle  boundaries. 

There  are  certain  parts  of  the  auricle  to  which  the  excitation  waves 
of  the  normal  heart  beat  travel  and  come  to  an  end,  because  they  find  no 
further  channel  open  to  them.  Thus,  the  natural  excitation  wave  comes  to 
an  end  in  the  normally  beating  auricle  when  it  reaches  the  tips  of  the 
appendices,  and  when  it  reaches  the  end  of  the  muscle  sleeve  which  is 
prolonged  upwards  on  the  superior  cava.  The  normal  excitation  wave 
always  travels  centrifugally  to  these  muscle  boundaries  ;  it  pursues  a  course 
wliich  is  in  the  line  of  the  appendix,  or  which  is  approximately  at  right  angles 
to  the  free  edge  of  muscle  on  the  superior  cava.  Curves  suggesting  reversed 
courses  are  never  obtained  in  these  situations  when  the  heart  is  beating 

*  For  example,  when  curves  are  taken  from  the  superior  cava  and  right  appendix,  and  the 
waves  move  to  both  these  points  from  the  region  of  the  tsenia. 
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naturally.  Tlie  tip  of  the  right  appendix  and  tlie  muscle  lying  outside  the 
pericardial  reflection  on  the  superior  cava  are  particularly  suitable  for  the 
further  investigation  of  sinuous  movement ;  for  if  sinuous  movement  were 
a  universal  phenomenon  in  fibrillation,  it  would  be  anticipated  that  curves 
taken  in  these  situations  might  display  conclusive  evidence  of  it.  It  has 
been  stated  that  the  course  of  the  waves  in  general  is  up  the  appendix  from 
its  base  to  its  tip,  and  up  the  superior  cava  against  the  direction  of  the  blood 
stream.  But  the  sinuous  movement  of  the  waves  produces  striking 
exceptions  to  the  rule  when  individual  waves  are  considered. 

A  record  taken  from  an  auricle  wliich  fibrillated  for  seven  minutes 
(the  records  being  taken  30  seconds  after  the  onset)  is  shown  in  Fig.  8  ;  the 
top  curve  is  derived  from  lead  //  and  the  middle  and  bottom  curves  from 
contacts  placed  in  line  with  the  appendix.  The  lettered  deflections  of  tliis 
figure  hav^e  been  charted  in  Fig.  2,  and  the  po.sitions  of  the  two  pairs  of 
contacts  on  the  appendix  is  shown  in  the  diagram  to  the  right  of  the  chart. 
The  Z  contacts  lay  towards  the  actual  tip  of  the  appendix.  The  deflections 
of  the  two  electrograms  form  an  irregular  series  in  each  curve  ;  the  cycles 
vary  in  length,  and  the  deflections  vary  in  amplitude  and  direction.  For 
example,  deflection  a  in  curve  2  is  clearly  a  downward  deflection,  and  deflection 
i  and  k  of  the  same  curve  are  clearly  upward.  The  upward  deflections  are 
produced  by  excitation  waves  which  first  strike  the  Z  contact,  namely,  that 
lying  towards  the  tip  of  the  appendix  ;  these  upward  deflections  are  frequent 
in  lead  2,  and  from  these  it  is  to  be  concluded  that  excitation  waves  often 
passed  down  the  appendix  from  its  tip  towards  its  base.  This  conclusion 
is  strengthened  by  the  position  of  the  corresponding  deflections  in  lead  /  ; 
these  fall  generally  a  little  later  than  the  corresponding  deflections  of  lead  2 
(see  deflections  d,  i  and  k),  as  would  be  expected  when  the  excitation  waves 
travel  away  from  the  tip  of  the  appendix.  Now,  if  we  consider  the  series  of 
deflections  {a-h)  in  the  chart,  we  see  in  the  two  leads  deflections  which 
correspond,  thus  conforming  to  the  rule.  When  an  excitation  wave  is 
registered  by  one  lead,  it  is  also  registered  by  the  other  ;  the  intervals 
between  corresponding  deflections  in  the  two  leads  vary  in  the  usual  manner, 
and  in  a  manner  sufficiently  explained  by  sinuous  movement  in  the 
neighbourhood  of  the  contacts.  Briefly,  each  pair  of  corresponding  deflections 
in  the  two  leads  may  be  ascribed  to  single  excitation  waves.  Whence  are 
these  excitation  waves  derived  ?  They  are  derived  from  the  body  of  the 
auricle  and  flow  from  it  into  the  appendix.  Individual  waves  (such  as 
d,  i  and  k)  reach  the  distal  before  the  proximal  contacts  ;  they  follow 
en  route  sinuous  though  varpng  paths,  such  as  are  depicted  in  an  approximal 
fasliion  below  the  chart.  Sometimes  the  waves  pass  up  the  appendix  over 
all  contacts ;  sometimes  they  pass  up  and  return  over  the  contacts  ; 
sometimes  in  passing  up  they  swerve  and  meet  the  contacts  at  right  angles. 
An  alternative  to  this  view  is  that  all  the  excitation  waves  arise  in  the  tip 
of  the  appendix  itself.  If  tliis  last  view  is  entertained,  then  a  similar  sinuosity 
of  course  has  to  be  assumed  to  bring  others  (such  as  a  and  e)  of  the  same 
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series  first  to  the  contacts  Ipng  nearest  to  the  auricle  (contacts  of  lead  7)  ; 
this  assumption  would  bring  us  to  the  same  chief  conclusion,  nameh',  that 
waves  may  pass  the  contacts  before  they  actually  involve  the  muscle  Ij'ing 
beneath  them.  But  this  alternative  view,  and  the  view  that  some  of  the 
excitation  waves  arise  in  the  tip  of  the  appendix,  may  be  placed  out  of 
court  because  it  is  the  rule  that  curves  of  this  type  are  obtained  from 
all  the  muscle  boundaries,  such  as  the  tip  of  the  appendix  or  the  sleeve  of 
muscle  on  the  superior  cava.  Because  there  is  general  harmonj-  between 
the  deflections  of  simultaneous  leads  wherever  these  are  taken,  it  cannot 
be  supposed  that  each  of  these  muscular  boundaries  always  originates 
distinct  excitation  waves. 

In  Fig.  9  are  curves  from  lead  / 1  and  the  tip  of  the  right  appendix  in 
another  animal.  Of  the  appendix  contacts,  the  Z  contact  lay  towards  the 
auricle.  The  deflections  of  the  electrogram  are  in  the  main  upright,  showing 
that  most  of  the  excitation  waves  struck  this  contact  first.  But  one  deflec- 
tion o  is  frankly  of  oppo.site  direction,  and  in  several  other  cj^cles  (/,  g,  i  and  j) 
the  deflections  are  of  small  ampUtude  and  multiple,  indicating  that  the 
contacts  have  been  struck,  not  in  their  hne,  but  obhquely  or  at  right  angles. 
This  electrogram  was  taken  13  minutes  after  the  end  of  stimulation,  and 
during  a  period  of  fibrillation  which  lasted  just  over  one  hour. 

Another  record  from  the  same  after-effect,  and  taken  after  it  had  been 
in  progress  for  35  minutes,  is  shown  in  Fig.  10.  Tliis  record  consists  of  two 
electrograms  from  the  superior  cava.  As  depicted  in  the  diagram  drawn  upon 
this  record,  the  two  pairs  of  contacts  lay  in  the  line  of  the  cava,  a  pair  (7) 
Ijdng  across  tlie  pericardial  reflection,  and  the  other  pair  (2)  lying  beyond 
it  and  near  the  edge  of  the  muscular  sleeve.  The  Z  contact  of  each  pair  lay 
towards  the  auricle.  The  upward  deflections  predominate  over  the  downward 
deflections  in  these  curves,  and  tho.se  of  the  proximal  lead  (7)  usually  appear 
first.  The  general  direction  of  movement  is  distinctly  up  the  cava,  but  the 
waves  of  excitation  do  not  follow  a  straight  or  constant  path,  they  pass  up 
the  vessel  along  sinuous  and  changing  courses  ;  often  the  proximal  contacts 
are  first  encountered  (notably  waves  i,  j,  k  and  /),  but  from  time  to  time 
(as  in  the  case  of  waves  e  and  g)  the  most  distal  contact  receives  the  wave 
which  then  travels  down  the  cava  ;  in  not  a  few  cycles  the  two  pairs  of 
contacts  are  struck  almost  simultaneously  (for  example,  cycles  b  and  c)  and 
the  deflections  are  of  small  ampHtude  and  multiple. 

During  tliis  long  period  of  fibrillation,  very  many  curves  were  taken 
from  the  surface  of  the  auricle  ;  all  presented  the  same  features  as  do  those 
used  as  illustrations  ;  in  simultaneous  leads,  there  was  alwaj's  unison  between 
the  deflections,  a  unison  disturbed  only  in  such  degree  as  might  be  accounted 
for  by  irregular  movement  of  single  waves  from  point  to  point.  A  sinuous 
movement  of  the  wave  seems  universal  in  fibrillation,  and  extends  to  the 
most  distant  parts  of  the  auricle. 
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Examples  of  seeviingly  discordant  action. 

If  the  curves  taken  by  means  of  direct  leads  are  judged  broadly,  it  may 
be  said  that  thej'  present  evidence  of  a  co-ordinate  action  of  the  muscle  ; 
co-ordinate  in  the  sense  that  the  surface  of  the  muscle  is  involved  by  successive 
excitation  waves  which  spread  over  it.  When  we  examine  the  curves  in 
greater  detail,  we  detect  examples  in  which  the  method  of  excitation  at 
first  seems  to  be  more  complex.  In  considering  simultaneous  leads,  and 
attempting  to  identify  corresponding  deflections  in  each,  such  correlation 
cannot  always  be  affected.  In  a  majority  of  curves,  which  include  15  or  20 
cycles,  one  or  more  exceptions  of  this  kind  is  usually  to  be  found.  A 
certain  number  of  these  discordances  are  more  apparent  than  real.  Thus, 
when  the  excitation  waves  strike  the  contacts  laterally,  the  curves  tend 
to  become  confused  by  the  multiplicity  of  small  deflections  ;  though  this 
is  rarely  sufficient  to  interfere  with  broad  analysis  (see  Fig.  10,  curve  2), 
it  may  and  does  interfere  with  accurate  measurement.  In  other  curves, 
deflections  are  introduced  from  time  to  time  by  the  ventricle,  but  these  are 
as  a  rule  sufficiently  small  to  be  negligible.  Fig.  8  is  an  example  in  which 
they  are  distinct  ;  the  deflections  marked  v  should  be  compared  in  their 
incidence  with  the  ventricular  complexes  of  lead  /  /.  Some  deflections 
still  remain  to  be  explained  ;  these  are  of  two  kinds  and  are  described 
under  the  succeeding  sulj-headings. 

Twin  defleclions.  In  analysing  curves  taken  directly  from  the  auricle, 
it  is  necessary  to  identify  those  deflections  which  correspond  to  the  passage 
of  excitation  waves  beneatli  the  contacts,  \^'hen  these  are  measured,  the 
analysis  can  proceed.  The  deflections  are  recognised  because  their  amplitudes 
are  usually  greater  than  those  of  other  deflections  in  the  curves,  and  because 
of  their  steepness.  From  time  to  time,  in  curves  taken  from  auricles  beating 
at  high  rates,  deflections  of  this  class  are  paired  in  the  curve  in  a  peculiar 
manner.  The  interval  which  separates  the  two  deflections  of  the  pair  is 
often  notably  short  and  may  have  a  value  of  but  2,  3  or  4  hundredths  of  a 
second,  usually  it  is  somewhat  longer  ;  a  second  notable  and  almost  constant 
feature  is  that  the  two  deflections  are  of  opposite  direction.  Paired  deflections 
of  the  kind  considered  are  illustrated  in  Fig.  4,  A  and  B.  In  Fig.  4,  A, 
the  first  deflection  ((/)  is  directed  downwards  and  is  followed  after  00379  of  a 
second  by  an  upstroke  (u)  of  equal  ampHtude.  Fig.  4,  B,  is  similar,  but  the 
upstroke  now  precedes  the  downstroke  (the  interval  being  00479  of  a  second). 
Such  paired  deflections  are  derived  from  auricles  in  which  the  absolute 
refractory  period  is  estimated  at  about  008  of  010  of  a  second  or  more  ;  the 
refractory  period  is  that  of  an  auricle  beating  at  a  high  rate,  but  otherwise 
uninfluenced.  In  these  circumstances  it  is  difficult  to  imagine  that  the  two 
sharp  deflections  represent  two  excitation  waves,  each  of  which  has  traversed 
the  same  muscle  fibres  ;  the  interval  between  the  two  waves  is  often  much 
too    short,  yet    it  is  impossible  to  avoid  concluding    that    each  deflection 
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represents  an  excitation  wave  flowing  very  near  to  or  actually  beneath  the 
contacts.  The  two  deflections  are  produced  by  two  excitation  waves  coming 
from  opposite  directions,  and  traversing  the  same  sheet  of  muscle  tissue, 
Init  not  precisely  the  same  strand  of  fibres  :  probably  in  many  cases  the  one 
excitation  wave  passes  immediately  beneath  the  contacts,  while  the  other 
courses  through  parallel  muscle  hing  a  Uttle  distance  away. 


Fig.  4.      Dog   JS.     {Record  25.)     Twin  deflections  in  electrograms  from  a  fibrillating  auricle. 

In  previous  articles  these  paired  deflections  have  been  described  on 
several  occasions.  Thus  in  Vol.  VII,  page  255,  a  record  (Fig.  6  of  that 
paper)  is  described  which  was  taken  from  an  auricle  responding  to  a  high  rate 
of  rhythmic  stimulation.  In  that  instance  it  was  shown  that  both  deflections 
were  derived  from  a  single  excitation  wave  originally  :  the  view  taken  was 
that  tiie  propagated  excitation  wave  travelled  near  to  the  contacts  without 
actually  involving  the  muscle  beneath  them,  that  it  turned  sharply  and  came 
back  through  the  muscle  on  which  the  contacts  were  lying.  The  inter- 
pretation of  these  paired  deflections  may  or  maj'  not  have  been  correct  in 
its  detail  ;  but  the  first  conclusion,  that  both  waves  were  derived  from  the 
same  mother  wave,  is  scarcely  ciuestionable.  Another  example  of  a  similar 
phenomenon  is  to  be  seen  in  Fig.  9  of  the  same  paper.  In  this  case  rhythmic 
excitation  waves  were  propagated  from  the  dorsal  surface  of  the  superior 
cava  towards  contacts  on  the  ventral  surface.  Some  of  these  rhythmic 
waves  reached  the  contacts  by  travelling  in  one  wall  of  the  cava,  others  by 
travelhng  in  the  opposite  wall,  the  corresponding  intrinsic  deflections  being 
upwardly  or  downwardly  directed.  The  curve  considered  shows  a  relatively 
abrupt  transition  from  one  form  to  the  other.  At  the  actual  transition, 
however,  stands  a  composite  deflection  {j  in  the  figure)  in  which  an  upwardly 
directed  deflection  is  followed  after  a  brief  interval  by  a  downward  deflection 
(marked  *  in  the  figure).     The  upward  deflection  is  placed  in  series  with  the 


208  T.LEWIS. 

preceding  and  similar  deflections  ;  the  downward  deflection  in  series  with 
similar  deflections  which  succeed  it.  In  this  instance  there  can  be  little 
doubt  that  the  propagated  excitation  wave,  spreading  from  the  dorsal 
surface  of  the  cava,  has  coursed  through  right  and  left  wall  simultaneously, 
and  that  its  two  crests  have  met  in  the  neighbourhood  of  the  contacts.  The 
third  example  described  is  that  charted  in  Vol.  VII,  page  319,  and 
described  at  page  315.  It  is  from  an  example  of  imijure  flutter  ;  the  curves 
show  a  short  series  of  paired  deflections,  a  series  which  is  repeated  with 
considerable  accuracy  from  time  to  time  ;  the  picture  is  a  striking  one,  and 
tiie  arrangement  of  the  deflections  is  such  as  to  show  again  that  tiie  two 
deflections  of  any  pair  are  twins  of  the  same  mother  wave.  It  woidd  appear 
from  these  examples,  and  from  the  circumstances  in  which  they  were 
obtained,  that  a  pair  of  deflections  may  be  produced  by  a  single  excitation 
wave,  which  turns  sharply  and  attempts  a  re-entrant  course,  or  by  a  wave 
which  branches  and  proceeds  in  the  form  of  two  crests,  these  eventually 
curving  like  horns  and  coming  from  opposite  directions  to  meet  in  the 
neighbourhood  of  the  recording  contacts.  Paired  deflections  so  produced 
may  be  conveniently  referred  to  as  twin  deflections.  They  are  seen  in  curves 
from  auricular  muscle  which  is  beating  so  rapidly  that  the  waves  are 
propagated  slowly  from  point  to  point  and  in  general  pursue  sinuous  jjaths  ; 
and  they  are  seen  in  these  circumstances  only.* 

It  must  be  evident,  however,  that  while  without  exception  the  examples 
of  paired  deflections  so  far  cited  have  been  examples  of  twin  deflections,  paired 
deflections  of  a  similar  kind  might  be  produced  liy  the  conflict  of  excitation 
waves  distinct  at  their  origin.  Paired  deflections  of  the  kind  described  are 
frequent  in  the  curves  from  the  fibrillating  auricle,  and  it  might  be  held  that 
the  individual  deflections  are  not  true  twin  waves  ;  but  the  conclusion  at 
which  we  arrive  from  the  study  of  impure  flutter  curves  is  the  more 
satisfactory.  The  auricle  is  beating  at  the  rates  at  which  Uvin  deflections 
are  expected  in  the  curves.  The  paired  deflections  occur  singly  or  in  groups," 
their  arrangement  and  the  circumstances  in  which  they  are  seen  usually 
suggest  or  show  their  common  origin.  Thus,  the  last  deflections  of  Fig.  8, 
r  and  r'  in  curve  1,  are  of  this  kind  (see  Fig.  2,  end  of  chart).  These  two 
deflections  correspond  to  a  single  deflection  in  curve  1.  Now  the  deflections 
of  these  two  simultaneous  curves  have  been  considered  already  at  some 
length,  and  it  has  been  concluded  that  the  excitation  waves  were  passing 
from  the  base  to  the  top  of  the  appendix  ;  some  found  their  way  directly 
over  the  contacts  ;  others  passed  up  to  the  tip  and  encountered  the  contacts 
for  the  first  time  on  the  return  journey.  If,  in  passing  sinuously  up  the 
appendix,  .a  path  is  taken  near  to  but  not  actuaUy  through  the  muscle  upon 
which  the  contacts  rest,  it  might  be  expected  that  some  impression  would  be 
left  upon  the  proximal  contacts,  and  that  the  nearer  the  upward  path  lay 
to  the  contacts  the  more  distinct  the  impression  would  be.     To  exjjlain  the 

*  More  direct  investigation  of  twin  waves  does  not  seem  possible  ;  local  and  temporary 
barriers  cannot  be  produced  where  and  when  the  experimenter  wishes. 


FLUTTER    AND    FIBRILLATION.  209 

deflections  r  and  ?'  of  the  curves,  it  may  be  supposed  that  the  excitation 
wave,  in  passing  up  the  appendix  and  near  to  the  proximal  contacts  (1), 
produced  the  first  deflection  r  of  the  corresponding  curve.  The  two 
remaining  deflections  fall  about  0016  of  a  second  later,  and  almost,  if  not 
quite,  simultaneously  ;  toexiilain  them,  it  has  to  be  supposed  that  the  wave 
curves  and  enters  between  the  two  pairs,  and  spreads  upwards  and 
downwards  over  them.  A  somewhat  similar  example  of  twin  deflections  is 
to  be  seen  in  an  earlier  part  of  the  same  record  (i  and  i'),  though  the 
course  of  the  wave  is  different  and  the  twin  waves  are  separated  by  the 
imusually  large  interval  of  0074:3  of  a  second.  Here  it  is  supposed  that  the 
excitation  wave  swerved  towards  the  proximal  contacts  in  its  upward  course 
for  an  instant,  producing  the  small  deflection  i  in  curve  1  ;  that  it  proceeded 
to  the  tip  of  the  appendix  and  returned  through  the  muscle  on  which  the 
contacts  lay  and  in  their  line,  producing  the  deflection  i  of  curve  2  and  i'  of 
curve  1.  The  unusual  separation  of  i  and  i'  in  lead  1  is  to  be  accounted  for 
by  the  length  of  this  circuitous  path. 

It  is  notable  that  the  two  instances  of  paired  deflections  occur  in  the 
curve  from  the  proximal  lead,  and  not  in  that  of  the  curve  taken  from  contacts 
nearest  the  muscle  boundary.  Tliis  illustrates  the  rule  :  for  while  paired 
deflections  of  the  kind  considered  are  common  enough  when  the  lead  is  from 
the  centre  of  a  muscle  sheet,  thej-  are  very  rare  in  curves  taken  from  its  edge. 
The  reason  for  this  is  obvious  if  we  hold  that  the  paired  deflections  arise 
from  a  single  wave  ;  for,  in  these  circumstances,  the  chance  that  a  wave, 
which  is  approaching  a  boundary,  will  return,  diminishes  as  it  approaches 
this  boimdary  ;  on  the  other  hand,  if  we  hold  that  separate  waves  arise  in  the 
body  of  the  auricle  and  also  in  the  tip  of  the  appendix,  we  should  expect  to 
see  paired  deflections  in  the  ciu-ves  of  both  leads  with  equal  frequence. 

Examples  of  paired  deflections,  similar  to  those  now  described  are  to  be 
seen  in  Fig.  6  (deflections  h  and  h',  p  and  p').  Fig.  11  is  another  record  from 
the  same  after-effect  and  from  similar  leads.  It  shows  a  whole  series  of 
paired  deflections  a,  h',  etc..  There  is  clear  correspondence  between  deflections 
a-g  in  the  two  curves  ;  the  transmission  intervals  are  uniform  ;  but  whether 
the  deflections  b',  c'  of  curve  3  correspond  to  the  deflections  which  come 
before  or  after  them  in  curve  2  is  not  at  first  evident  ;  the  deflections  6',  c', 
etc.,  gradually  approach  the  deflections  wliich  succeed  them  as  they  are 
traced  from  left  to  right.*  The  arrangement  is  such  that  it  is  this  series 
(6'  to  g')  which  eventuaUy  becomes  estabhshed  (in  deflections  i,  j,  k,  etc.). 
When  estabhshed,  the  deflections  /,  k,  etc.,  bear  to  each  other  in  the  two 
curves  the  same  time  relation  as  do  the  deflections  a,  6,  etc.,  of  the  curves  in 
its  opening  phase.  Thus,  the  three  sets  of  deflections,  a,  b,  in  curve  1  and  a,  b, 
and  b',  c',  in  lead  2,  are  hnked  together  ;  this  suggests  their  common  origin. j 

*  The  intervals  in  curve  3  are  b' — 6  =  0-07o4  ;  c' — c  =  0*0645  ;  d' — d  =  0'0466  ;  a' — e 
=  0-0532  ;  /— /  =  0-0461  ;  h'—h  =  0-0319  of  a  second. 

T  This  series  of  paired  deflections  in  lead  2  has  many  striking  points  of  resemblance  to  those 
pre%-iously  described  in  Vol.  VII,  page  319,  Figs.  3  and  4  ;  in  that  instance  their  time  relations 
to  the  central  movement  strongly  favoured  a  common  origin. 
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The  appearance  of  twin  deflections  is  very  local  ;  they  are  almost 
always  confined  to  one  lead,  as  in  tliis  instance  (see  also  Figs.  6  and  8). 
This  is  so,  even  though  the  two  pairs  of  contacts  lie  no  more  than  8  millimetres 
apart.  If  the  individual  deflections  of  each  pair  were  derived  from  separate 
sources,  if  the  odd  and  even  series  were  controlled  by  separate  circulating 
waves,  the  phenomenon  of  pairing  would  be  seen  only  when  the  contacts 
were  so  fortunately  jjlaced  that  the  -waves  from  the  two  sources  met  between 
them.  That  a  pair  of  deflections  may  be  due  to  the  meeting  of  two  waves 
is  not  questioned  ;  what  is  questioned  is  that  these  two  waves  come  from 
independent  sources.  Pairing  is  too  frequent  in  the  curves  of  fibrillating 
auricles  to  admit  this  explanation.  If  waves  emanated  from  two  or  three 
sources,  the  Hues  of  conflict  would  be  relatively  few  and  paired  deflections 
would  not  be  recorded  frequentlj-.  If  the  meeting  is  explained  as  the  meeting 
of  separate  crests  of  the  same  excitation  wave  moving  along  parallel  but 
sinuous  paths,  then  evidence  of  such  conflict  should  be  frequent  in  the  curves. 
It  is  of  course  open  to  us  to  suppose  that  these  paired  deflections  sometimes 
represent  the  collision  of  separate  crests  of  .single  waves  emanating  from  one 
of  several  co-existing  circulating  waves.  To  accept  tliis  vdew  is  to  accept 
a  complex  explanation,  when  a  simple  one  suffices.  Further,  the  hypothesis 
of  several  independent  though  conflicting  circus  movements  is  opposed  by 
other  observations.  Of  these  some  have  already  been  discussed.  Perhaps 
the  most  convincing  argument  against  the  presence  of  several  circus  move- 
ments is  the  frequent  appearance  of  well  formed  oscillations  in  the  curves  of 
lead  /  /,  waves  which  in  form,  in  incidence  and  in  rate  are  too  reminiscent 
of  the  waves  of  flutter  to  permit  us  to  entertain  much  doubt  that  they  are 
similarly  derived.  This  brings  me  to  remark  u2)on  a  feature  of  the  present 
record  (Fig.  11).  During  the  jihase  in  which  the  twin  waves  appear,  the 
oscillations  of  lead  /  /  are  smaller  and  very  rapid.  In  the  later  stages  they 
are  larger  and  more  regularly  placed  ;  here  it  is  not  difficult  to  trace  the 
skeleton  of  the  scries  of  oscillations  (1  to  22).*  It  might  be  argued  from  this 
record  that  during  its  later  stages  a  single  circus  movement  controlled  the 
auricle,  but  that  in  the  first  phase  a  second  movement  of  the  same  kind 
interfered,  and  that  the  paired  deflections  and  the  more  rapid  oscillations  of 
lead  //  might  thus  be  explained.  The  association  is  accidental,  as  a  com- 
parison with  Fig.  6  suggests  ;  actually  the  coarse  waves  start  a  little  before 
the  paired  deflections  end  in  Fig.  11.  The  decrease  in  size  and  increase  in 
rate  of  the  oscillations  of  lead  / /  is  ascribed  to  another  cause,  which  will  be 
considered  at  a  later  stage. 

A  last  example  of  paired  deflections  is  shown  in  Fig.  12  ;  the  record  is 
published  to  emphasise  the  frequence  of  pairing,  and  to  display  a  form  of 
curve  derived  from  lead  //  which,  wliile  differing  from  those  previously 
described  in  the  more  broken  character  of  its  oscillations,  unmistakeably 
resembles  many  curves  of  clinical  fibrillation.     It  was  taken  from  the  same 

*  Measurement  will  show  that  these  oscillatioiis  are  not  quite  regular  in  incidence,  neither 
are  they  regular  in  form. 


FLUTTER     AND     FIBRILLATION.  211 

animal,  as  was  Figs.  G  and  IK  but  at  a  later  stage  of  the  exiJcriment.*  The 
record  cxliibits  the  action  of  the  auricle  half  a  niinute  before  the  end  of  an 
after-effect  of  five  minutes'  duration.  This  curve  is  charted  and  interi5reted 
in  Fig.  3.  The  interpretation  of  the  paired  deflections  {b,  b'  and  o,  o')  is  very- 
similar  to  tiiat  adopted  for  those  already  considered.  Broadly  speaking, 
the  electrograms  of  this  record  are  like  those  previously  described  ;  there  is 
general  unison  between  the  deflections  in  the  two  leads,  accompanied 
by  the  usual  variation  in  the  transmission  intervals.  The  record 
shows  at  one  point  what  may  be  interpreted  as  paired  deflections  in  the 
two  leads  ;  the  deflection  k  of  lead  1  is  represented  by  a  small  notch  in 
lead  2,  the  deflection  k'  of  lead  2  is  represented  by  a  small  upward  jerk  in 
lead  1.  A  relation  of  this  kind  is  comparatively  rare  in  the  curves  of 
the  fibriUating  auricle.  Necessarily  the  interpretation  of  such  events  is 
problematic. 

Waves  lost  in  travelling.  That  deflections  may  be  added  to  curves 
from  time  to  time  is  seen  from  the  studj'  and  interpretation  of  twin  deflections. 
In  other  curves  deflections  are  missing. 

In  anal3''sing  the  curves  of  impure  flutter  in  a  previous  article  it  was 
pointed  out  and  emphasised  that  the  deflections  in  direct  leads  are  frequently 
of  slower  rate  than  are  the  auricular  complexes  in  lead  /  /,  wliich  represent 
the  central  movement.  That  is  so,  because  the  centrifugal  waves  travel 
slowly  and  with  difficulty  and,  as  their  course  is  long,  their  passage  is  not 
always  completed.  Reference  may  be  made  to  Figs.  1  and  2,  Vol.  VII, 
page  317,  in  which  this  view  is  sufficiently  illustrated. 

In  auricular  fibrillation,  to  identify  the  main  auricular  oscillations  is 
not  always  easy,  but  where  they  are  distinct,  a  similar  state  of  affairs  is  very 
apparent.  Thus,  in  the.se  portions  of  Figs.  6  and  11,  in  which  well-defined 
oscillations  appear  in  the  electrocardiograms,  the  rate  is  approximately  580 
to  590  per  minute  ;  the  rate  of  the  deflections  in  the  electrograms  over  the 
same  periods  is  about  480  to  500.  Owing  to  the  irregularity  of  the 
deflections  in  tiie  direct  leads  and  the  impossibility  of  identif\-ing  the 
main  oscillations  in  lead  //,  except  over  short  stretches  of  curve,  it  is 
impossible  accurately  to  correlate  one  and  the  other  or  to  show  which 
centrifugal  waves  fail ;  but  that  they  do  fail  is  made  evident  by  comparing 
the  local  and  general  rate  of  beating  with,  the  same  rates  in  the  curves  of 
franldy  impure  flutter.  Given  that  waves  sometimes  fail  to  travel  the  full 
course  in  fibrillation,  we  should  expect  to  find  direct  evidence  of  tliis  from 
time  to  time.  The  deflection  o  in  curve  1  (Fig.  7)  a  deflection  which  finds  no 
representative  in  the  companion  curves,  probably  illustrates  such  failure. 
Occurring  in  lead  1  it  is  the  more  noteworthy,  for  the  contacts  of  lead  1,  as 
the  transmission  intervals  show,  lay  nearest  to  the  source  of  the  waves. 
Blocked  waves  of  this  kind  constitute  a  relatively  infrequent,  though  readily 
understood,  exception  to  the  rule  that  the  activation  of  different  muscle 
areas  is  in  detail  harmonious. 

*  The  leads  were  the  same  as  in  Fig.  6. 
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To  sum  up,  the  excitation  waves  in  fibrillation  spread  as  co-ordinate 
waves,  though  the}'  travel  along  paths  which  are  often  very  sinuous.  Curves 
from  simultaneous  direct  leads  show  deflections  which  in  general  correspond  ; 
the  exceptions  to  this  rule  are  of  two  kinds.  On  the  one  hand,  a  .single 
excitation  wave  appears  to  yield  from  time  to  time  not  one  but  two  deflections 
(twin  deflections)  in  such  a  curve  ;  on  the  other  hand,  waves  are  occasionally 
propagated  as  far  as  one  pair  of  contacts,  but  not  as  far  as  another.  Both 
these  phenomena  are  fully  explained  by  hindrance,  partial  or  complete,  to 
the  passage  of  excitation  waves  travelling  in  partially  refractory  muscle. 
The  first  phenomenon  may  be  accounted  for  by  supposing  that  occasional 
waves  strike,  and  are  deflected  to  the  side  of,  muscle  refractory  at  the  time, 
and  that  they  return  and  sweep  through  these  barriers  as  these  a  Uttle  later 
become  responsive  ;  they  are  also  to  be  explained  by  supposing  that  waves 
split  on  such  barriers  and  that  the  two  crests  meet  beyond.  The  second 
phenomenon  is  explained  by  supposing  that  a  wave  flows  into  so  extensive 
a  region  of  refractory  tissue  that  further  progress  in  any  direction  is  for  the 
instant  impossible.  The  curves  of  the  direct  leads,  treated  broadly  and 
compared  with  those  of  impure  flutter  previously  described,  speak  for  a  single 
central  wave  circulating  continuously.  Although  the  curves  become  from 
time  to  time  very  complex,  and  the  deflections  are  so  arranged  as  possibly  to 
suggest  that  they  are  derived  from  more  than  one  source  and  interfere  with 
each  other,  yet  a  closer  examination  renders  this  interpretation  less  tenable. 
The  complexities  of  the  curves  are  compatible  with  a  single  source  of  origin, 
and  are  to  be  explained  on  the  ground  of  sinuous  movement. 

Remarks  on  the  oscillation  of  lead  1 1. 
The  analysis  of  impure  flutter  was  carried  in  a  preceding  article  to  the 
point  where  it  became  evident  that  the  central  wave  was  breaking  up,  as 
evidenced  by  irregularities  in  the  incidence  of  the  auricular  complexes  and 
by  their  growing  distortion.  The  curves  of  fibrillation  take  us  a  step  further. 
The  oscillations  displayed  by  this  mechanism,  when  they  are  distinct  and  of 
considerable  amplitude,  are  similar  to  those  of  disturbed  flutter  ;  but  often 
these  oscillations  are  transient,  they  die  away  or  disappear  abruptly,  to  be 
replaced  by  fine  oscillations  of  smaller  amplitude.  Is  there  a  finidamental 
change  of  mechanism  when  the  form  changes  ?  The  reply  is  given  by  the 
direct  leads,  which  show  no  simultaneous  change  in  general  form  or 
arrangement.  Accepting  the  view  that  there  is  no  fundamental  change,  it 
becomes  obUgatory  to  explain  the  altered  form  of  oscillation  in  the  limb  lead. 
Light  is  thrown  upon  this  question  by  such  records  as  that  of  Fig.  13.  This 
record  is  from  a  period  of  fibrillation  in  which  the  ventricles  were  responding 
at  a  very  slow  rate  and  in  which  the  auricular  elements  of  the  curve  are 
consequently  well  displayed.  The  curve  from  the  direct  auricular  lead  is  of 
the  usual  type  ;  the  oscillations  of  lead  /  /  are  very  irregular.  In  this 
curve  the  outlines  of  the  first  few  oscillations  are  distinct  (a,  b,  c  and  (/)•  ^s  the 
curve  proceeds  they  become  less  distinct,  though  the  skeleton  of  almost 
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rhj-thmic  waves  may  be  traced  up  to  the  oscillation  marked  j.  These  main 
oscillations  occur  at  a  slightly  faster  rate  than  do  the  deflections  of  the  direct 
lead.  The  curve  in  its  opening  phase  is  similar  to  one  of  franklj'  impure 
flutter,  in  which  the  auricular  complexes  are  grosslj-  distorted  and  irregular. 
The  distortion  is  due  to  the  sinuous  and  changing  paths  taken  by  the  waves 
as  a  whole  ;  the  irregularity  in  incidence  is  due  to  the  varying  path  followed 
by  the  central  wave. 

To  count  the  auricular  complexes  in  flutter,  even  when  these  are  naturally 
bifid,  is  not  difficult,  for  the  same  form  is  repeated:  but  to  count  complexes 
which  are  irregularly  bifid,  wliich  are  from  time  to  time  split  into  more 
components  and  which  are  irregular  in  incidence,  is  soon  beyond  our  power. 
The  rate  of  oscillations,  counting  all  in  the  curve,  is  in  fibrillation  no  criterion 
of  the  rate  at  which  the  auricular  muscle  is  beating.  The  rate  of  the  main 
oscillations  in  limb  leads  is  similar,  maj'be  it  is  sometimes  a  Uttle  faster,  than 
tliose  seen  in  examples  of  impure  flutter  previously  recorded. 

When  the  form  of  the  main  oscillations  changes,  as  it  does  in  Figs.  6  and  II, 
and  oscillations  of  faster  rate  and  lesser  amplitude  appear,  there  is  no  need 
to  conjure  up  new  and  interfering  circus  movements  or  faster  circuit 
movements.  Such  changes  are  sufficientl}-  explained  by  a  single  circus 
movement  following,  in  phases  or  irregularly,  somewhat  different  paths. 
.\s  the  path  changes,  so  the  plane  in  which  it  moves  alters  and  the  Umb-lead 
becomes  favourable  or  unfavourable,  as  the  case  may  be,  to  the  full  display 
of  the  general  movement  in  the  auricle.  The  conclusions  of  this  paragraph 
are  not  based  exclusiveh'  upon  direct  exploration  of  the  auricle,  which  speaks 
for  a  single  and  in  general  co-ordinate  wave  ;  it  is  based  equally  upon  the 
simultaneous  studies  wliich  Drurj-  has  undertaken  upon  the  human  heart 
and  which  are  recorded  fully  in  the  article  whicii  immediately  precedes  the 
present  one. 

The  relation  of  flutter  and  fibrillation. 

That  cUnical  fibrillation  of  the  auricles  is  a  state  of  advanced  impure 
flutter  cannot,  I  think,  be  disputed  :  if  the  observations  of  this  and  preceding 
articles  have  been  correctly  interpreted,  then  both  flutter  and  fibrillation  in  the 
auricle  have  as  their  underlying  basis  a  single  circulating  wave  ;  they  differ 
from  each  other  in  that  in  flutter  this  wave  follows  a  constant  anatomical 
path,  while  in  fibrillation  tliis  path  varies  in  greater  or  lesser  degree  from 
c\-cle  to  cycle. 

Trace  the  mechanisms  up  the  scale  of  increasing  disorder,  and  as  the  scale 
is  ascended  the  movement  is  in  general  faster.  The  main  factor  dominating 
the  rate  of  the  movement  is  the  length  of  the  refractory  period  ;  the  relation 
to  rate  suggest  that  auricles  predisposed  to  fibrillate  are  those  in  which 
the  effective  refractory  period  is  somewhat  shorter,  as  compared  with  that  of 
auricles  predisposed  to  flutter.  But  that  apparently  is  not  the  sole  factor  of 
difference.  In  auricles  predisposed  to  fibrillate.  transmission  of  the  excitation 
waves  from  point  to  point  has  been  shown  to  become  verj-  irregular  when  it 
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is  delayed  (see  Vol.  VII,  page  247),  while  in  auricles  predisposed  to  flutter, 
transmission,  though  it  may  be  slow,  is  similar  in  rate  from  cycle  to  cycle. 
This  difference  is  to  be  traced  to  the  size  of  the  refractory  barriers  which  the 
excitation  waves  meet  in  travelUng  ;  in  flutter  they  are  small,  in  fibrillation 
they  are  larger ;  in  flutter  such  deviations  from  the  straight  path  as  occur 
are  minute  ;  in  fibrillation  they  are  larger  and  deflect  the  waves  along  paths 
obviously  sinuous.  The  manner  in  which  responsiveness  of  the  tissue  is 
recovered  is  again  the  underMng  factor,  for  the  barriers,  as  has  been  shown, 
are  barriers  of  refractor^'  tissue. 

Historical  Note. 

Fibrillation  was  first  described  in  the  ventricle  by  Hoffa  and  Ludwig^ 
in  1850  ;  they  produced  it  by  submitting  the  ventricle  to  strong  constant 
or  faradic  currents  ;  a  somewhat  similar  condition  in  the  auricle  was  described 
by  McWilhami^  in  1887.  Although  the  term  flutter  of  the  auricle  was  used  in 
McWilham's  paper,  auricular  flutter  was  not  clearly  recognised  as  a  distinct 
condition  until  it  was  described  in  the  human  auricle  by  Hertz  and  Goodhart* 
in  1908  and  by  others,«i"  in  papers  wliich  soon  followed  theirs.  Fibrillation 
of  the  human  auricles  was  first  proved  to  occur  in  1909-10  by  Rothberger 
and  Winterbergi*  and  the  writer^ ;  and  in  the  human  ventricle  by  Hoffmann 
(1911)*  Robinson  (1912)i"  and  Halsey  (1915).3  The  di.scovery  of  these 
conditions  in  man  has  given  the  chief  impetus  to  the  work  of  the  last  decade. 

In  1884  Kroneeker  and  Schmey"  believed  the  co-ordinate  beat  of  the 
ventricles  to  be  controlled  by  a  nerve  centre,  the  destruction  or  parah^sis  of 
which  would  produce  fibrillation.  This  view  was  disposed  of  three  years 
later  by  JlcWilham,  whose  paper  will  always  remain  a  landmark  in  the 
history  of  our  knowledge.  Mc William,  though  agreeing  that  the  ventricular 
muscle  contracts  inco-ordinatelyin  fibrillation,  argued,  on  the  basis  of  numerous 
experiments,  that  the  cause  is  to  be  found  in  the  condition  of  the  muscle 
itself.  He  laid  stress  upon  its  state  of  excitability,  and  formulated  a 
hypothesis  very  similar  to  that  which  Mines  and  Garrey  put  forward  later. 

He  states  (page  308)  "Then  the  excitable  (and  probably  highly  rhythmic)  muscle  contracts, 
but  its  excitation  instead  of  assuming  the  form  of  a  normal  beat  becomes  a  peristaltic  contraction 
wave  along  the  complexly  arranged  and  inter-communicating  muscular  bundles.  And  if  the 
ventricular  muscle  is  in  an  excitable  state  there  would  natvu-ally  occur  a  rapid  series  of  such 
inco-ordinated  peristaltic  contractions.  For  apart  from  the  possibility  of  rapid  spontaneous 
discharges  of  energj-  by  the  muscular  fibres,  there  seems  to  be  another  probable  cause  of  continued 
and  rapid  movement.  The  peristaltic  contraction  travelling  along  such  a  structure  as  that  of 
the  ventricular  wall  must  reach  adjacent  muscle  buntUes  at  different  points  of  time,  and  since 
these  bundles  are  connected  with  one  another  by  anastomosing  branches  the  contraction  wo-.ild 
naturally  be  propagated  from  one  contracting  fibre  to  another  over  which  the  contraction  wave 
had  already  passed.  Hence  if  the  fibres  are  suflicienth'  excitaV)le  and  ready  to  respond  to 
contraction  waves  reaching  them,  there  would  evidently  be  a  more  or  less  rapid  series  of 
contractions  in  each  muscular  bundle  in  consequence  of  the  successive  contraction  waves  reaching 
that  bundle  from  different  directions  along  its  fibres  of  anastomosis  with  other  bundles.  Hence 
the  movement  would  tend  to  go  on  until  the  excitabiUty  of  the  muscular  tissue  had  been 
lowered,  so  that  it  failed  to  respond  with  a  rapid  series  of  contractions." 

In  tliis  account  the  present  conception  of  re-entrant  waves  is  clearly 
foreshadowed  ;     the    conception    lacked    sufficient    support     from     direct 
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observation,  and  consequently  failed  to  carry  conviction.  There  is  abundant 
evidence  in  the  paper  to  show  that  McWilUam  regarded  lowered  conduction 
power  as  an  essential  factor,  though  his  account  is  rendered  less  clear  by  his 
avoidance  of  the  term  refractory  period. 

In  1895  Engelraanni  suggested  that  ventricular  fibrillation  is  a  condition 
in  which  automatic  stimuU  arise  at  unusual  centres  in  the  ventricle,  and  that 
the  conflict  between  waves  spreading  from  these  centres  is  responsible  for 
the  disordered  action  of  the  muscle.  This  view,  though  it  has  always 
remained  hypothetical,  has  received  much  support."-  ^^  It  has  gained  its 
chief  support  from  observations  upon  the  simple  disturbances  leading  up  to 
fibrillation  ;  emphasis  has  been  repeatedly  laid  upon  the  extrasystole  as  the 
prehminary  disturbance,  and  fibrillation  has  come  to  be  regarded  by  many 
as  extrasystolic  in  nature.  Hypothesis  has  strayed  chiefly  because,  too 
generally,  extrasystoles,  single  and  multiple,  liave  been  regarded  as  the 
result  of  discrete  impulses.  The  close  relation  between  extrasystolic 
phenomena,  flutter  and  fibrillation  is  still  to  be  acknowledged  ;  but  a  newly 
recognised  factor  has  now  to  be  taken  into  account.  It  is  that  a  single 
excitation  wave  may  jmss  more  than  once  through  the  same  tissue,  that  two 
or  more  beats  may  result  from  a  single  impulse.  We  have  seen  that  this 
possibility  was  recognised  by  McWilliam  ;  it  has  also  been  recognised 
as  a  possibilty  by  Wenckebach^"  and  by  other  writers.  The  important 
step  taken  in  recent  years  has  been  the  proof  of  its  occurrence. 

For  that  demonstration  we  are  primarily  indebted  to  Mayer  (lOOS)'^'  '^ 
who  experimented  at  first  with  the  umbrella  of  the  jeUy  fish  and  subsequently 
with  rings  of  muscle  cut  from  the  turtle's  heart.  Tliis  important  lead  was 
taken  up  by  Mines  (1913), i^- '«  who  confirmed  and  largely  extended  Mayer's 
observations. 

We  are  not  indebted  to  Mines  for'  the  proof  of  circus  movement,  but  to 
Mayer  ;  we  are  not  indebted  to  him  for  the  first  suggestion  that  fibrillation 
has  circus  movement  underlying  it,  but  to  McWilham.  Our  debt  to  Mines 
is  that  his  observations  into  the  factors  underlj-ing  circus  movement  were 
thorough  and  illuminating,  that  when  he  re-suggested  circus  movement  as 
the  underlying  cause  of  fibrillation,  the  suggestion  was  so  reinforced  that  its 
most  careful  consideration  became  inevitable  ;  it  became  the  more  inevitable 
when  Garrey  (1914)^  independently  made  the  same  suggestion  and  showed 
that  in  a  ring  cut  from  a  fibrillating  ventricle  a  single  wave  continues  to 
circulate.  It  is  to  be  understood,  however,  that  the  work  thus  briefly 
described  left  the  ultimate  meaning  of  fibrillation  still  in  the  stage  of  hypothesis. 
It  was  at  this  stage  that  our  own  observations  began,  and  it  has  been  our 
endeavour  to  carry  knowledge  from  the  state  of  hypothesis  to  that  of 
conclusion. 

In  reviewing  the  history  of  flutter  and  of  fibrillation  it  is  not  possible 
to  omit  reference  to  the  important  paper  of  Rothberger  and  Winterberg 
(1914)1*.     These  workers  were  the  first  carefully  to  examine  the  fluttering  or 
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fibrillating  auricle  In^  means  of  direct  leads.  Their  observations  have 
especially  served  to  re-emphasise  the  close  inter-relation  of  flutter  and 
fibrillation  ;  another  suggestion,  that  the  length  of  the  refractory  period 
is  an  important  element  in  determining  the  kind  of  after-effect  which  follows 
stimulation  of  the  auricle,  is  notable.  This  paper  of  Rothberger  and 
Winterbcrg's  has  served  further  to  link  up  and  explain  the  reaction  of  the 
stimulated  auricle,  when  the  mu.scle  is  under  the  influence  of  the  vagus  or  of 
such  drugs  as  muscarine  and  physostigmine.  It  is  important  to  recognise, 
however,  that  the  term  fibrillation  was  used  by  these  writers  to  include 
the  state  which  we  have  renamed  "  ra{)id  re-excitation,"  that  this  last 
condition  is  not  equivalent  to  clinical  fibrillation  and  that  their  chief 
conclusions  are  not  applicable  to  the  latter. 

It  may  prove  of  interest  if,  while  the  facta  are  still  fresh  in  my  memory,  I  now  set  down  the 
steps  which  have  led  my  collaborators  and  myself  to  accept  the  theory  of  flutter  and  fibrillation 
as  set  forth  in  the  present  series  of  articles.  From  the  circumstances  of  the  case,  it  is  largely  a 
personal  narrative.  In  the  autumn  of  1914  it  was  decided  further  to  investigate  the  nature  of 
fibrillation.  The  war  postponed  the  work  until  the  autumn  of  1918.  In  1918,  although  knowing 
Mines  '^.  ">  and  Carrey's  -  papers,  I  still  leaned  to  the  view  that  irritable  foci  in  the  muscle  underlay 
fibrillation.  To  this  conception  I  was  led  by  Engelmann's  similar  hj-pothesis  of  fibrillation  in  the 
ventricles.  At  the  end  of  1914  I  published  my  views  in  the  form  of  an  address  "  and  criticised 
Mines'  hypothesis  adversely,  citing  some  recent  experiments  upon  the  fibrillating  ventricle  which, 
it  was  thought,  showed  that  closely  adjacent  fibres  were  excited  independently  of  each  other. 
These  observations  seemed  to  me  incompatible  with  tlio  hypothesis  which  Mines  had  expres.sed. 
In  returning  to  the  subject  in  1918  it  was  determined  to  tost  the  matter  in  the  auricle  ;  believing 
fibrillation  as  it  affects  this  chamber  to  be  a  more  simple  condition,  it  was  thought  that  Mines' 
view  of  circus  movement  applied  to  it  could  be  the  more  easily  disproved.  The  methods  employed 
were  those  which  had  been  developed  for  exploring  the  normal  beat  of  auricle  and  ventricle, 
namely,  the  analysis  of  curves  from  direct  leads.  In  the  first  investigations,  taken  up  with 
Dr.  Cotton,  short  after-eSects  of  faradic  stimulation  were  recorded  by  means  of  direct  leads,  and 
we  searched  these  curves  for  evidence  of  filire  dissociation.  We  were  working  for  the  most  part 
with  curves  of  rapid  re-excitation,  taken  from  the  muscle  near  the  point  of  stimulation,  and  it  soon 
became  apparent  that  far  more  extensive  work  than  had  been  intended  would  be  necessary,  if 
even  a  partial  analysis  of  the  curves  was  to  be  won  :  and  that  it  would  be  necessary  to  start  with 
relatively  simple  forms  of  after-effect  and  to  work  up  from  these  fn  conjunction  with  Dr.  Fell 
and  Dr.  Stroud,  the  work  on  flutter  was  started,  and  the  earlier  observations  were  placed  on  one 
side  as  for  the  moment  unintellii;ilil  .  ^^'l  I.  -_an,  fortunately  as  it  transpired,  by  attempting 
to  follow  the  path  taken  by  the  •  ■.  -^  in  flutter  ;  it  was  not  until  we  had  reiieatcdly 

seen  pure  and  long-continucil  i!,!  i.  il.i  llio  full  significance  of  experiments  on  ring 
preparations  was  recognised.  W'-  \\  '>  lii,.  a  ^Imvly  to  the  conclusion  that  pure  flutter  consists 
essentially  of  a  simi^le  circus  movement  ;  in  coming  to  that  conclusion  we  were  guided,  not  by 
McWilliam's  or  Mines'  hj-pothesis  of  ventricular  fibrillation,  but  by  the  dramatic  experiments 
which  Mines  and  others  had  conducted  upon  rings  of  muscle.  From  the  time  when  we  felt  able 
to  conclude  that  pure  flutter  is  comparable  to  this  ring  experiment,  and  that  in  flutter  a  wave 
circulates  around  a  natural  opening  in  the  muscle  of  the  auricle,  the  course  of  the  investigations 
became  simplified  ;  it  then  became  imperative  to  investigate,  first  conduction  and  eventually 
the  refractory  period  in  the  mammalian  auricle,  in  which  work  Dr.  Drury  and  Dr.  Bulger  joined 
me  ;  for  these  two  factors  were  obviously  fundamental.  From  the  analysis  of  flutter,  that  of 
simple  forms  of  impure  flutter  and  eventuaUj'  fibrillation  and  their  reactions  to  vagal  stimulation 
was  a  natural  outgrowth. 

It  is  to  the  ring  experiments,  therefore,  that  the  present  series  of  articles  owes  its  chief 
inspiration.  Our  collected  papers  have  brought  together  a  number  of  observations,  hitherto  in 
seeming  conflict,  and,  so  it  ap]iears  to  us,  have  harmonised  them.  As  observations  have  continued, 
it  has  become  increasingly  clear  that  a  number  of  independent  workers  have  been  making  for  the 
same  ultimate  goal.  There  comes  a  time  when,  with  interest  in  a  particular  problem  widely 
awakened,  the  reaching  of  the  goal  becomes  inevitable  :  a  successful  issue  does  not  depend  upon 
the  work  of  this  or  that  group  of  researcliers,  it  is  the  natural  outcome  of  progressive  work 
stretching  over  many  years  and  undertaken  by  many  workers  in  the  same  field.  As  often 
happens,  when  work  of  this  kind  is  brought  to  an  end  point,  the  convergence  of  many  lines  of 
correlated  research  is  for  the  first  time  fully  displayed,  and  we  see  the  goal  to  which  they  have  all 
been  leading  us. 
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CONCLUSIOXS. 

Analysis  of  auricular  disorders  produced  experimentally  and  yielding 
electrocardiograms  similar  to  those  of  clinical  fibrillation,  shows  that  clinical 
fibrillation  of  the  auricle  is  a  condition  in  which  a  single*  excitation  wave 
circulates  continuously  through  the  auricular  muscle.  The  path  taken  both 
by  the  central  and  centrifugal  parts  of  this  wave  is  sinuous  and  varies  in 
greater  or  lesser  degree  from  cycle  to  cycle.  Thus  auricular  fibrillation,  as 
it  occurs  clinicallj',  is  an  advanced  variety  of  impure  flutter.  The  sinuous 
course  of  the  waves  is  attributed  to  barriers  of  refractory  tissue  :  the  chief 
difference  between  sUghtly  impure  flutter  on  the  one  hand  and  fibrillation  on 
the  other  is  that  in  the  latter  the  barriers  are  of  greater  extent  and  of  more 
frequent  occurrence.  In  pure  flutter  the  effective  refractory  period  is 
probably  somewhat  longer  than  in  imjiure  flutter  and  fibrillation. 

The  term  auricular  fibrillation,  though  strictly  speaking  inaccurate, 
should  be  retained. 


*  This  qualification  does  not  necessarily  apply  to  the  fibrillating  ventricle. 
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In  the  following  records,  the  standard   of  the  electrocardiograms  was  1   centimetre 
1  millivolt,  and  of  electrograms,  approximately  1  centimetre  =   3  millivolts. 
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Fijr.    ").      Dnt)  LP      (Rernrri  9.)     TIv-pp  simiiltHnpfnis  electrograms  from   the   tspnia   terminalis, 

,|,,..^,,.  :,  ,„..;,„i  ,..■    i>.  1-M-..  II.......   lo^.;.,..  ;.  ...i,„,tp.      Tlie    curve*  w"!»   tnk-.'n    from   three 

the  Z  contact  <n  •      '        i'   i    ni.;  towards 
Z  contact.      Tin-.' .■    i       :    .  ■  t ,  .  1  in  Fig.  1. 
i  ..    the   f  contacts  ir-     ..ni    .  i- ■  i  .l.nvnward 

ii.-N...-i  I.I1I-.       I  niH-  Tiiiu  K.T   i!i  iniri-.iri.i  (.-in  n~  ..I  a  Second. 


o^-S_-Mt^5'-fg80-RW/ia^A<36jn^.|_"1435,: 


Fig.    6.      Dog   LH.      (Records.)      An  rl,.,-ti  ,..■.11  .liour.iin    I.mI    /  /  i  ..n.l  i  »  ..  ..l.-.  ii  ..-rain.s  '  .' .iii.l  .;) 
taken  3J  minutes  from  the  bn-i.  I  li,- 

electrograms  were  taken  from   1  1 

auricle  and   parallel   to  the  ta  i.i 

the  Z  contact  of  each  pair  lay  i.        :  :     .:         .|    : :   ;     a    _        1..     .:._.:.       ;  ,  aiv 

\\T!tten  above  and  below  the  correspuuJmg  ulectrograina,  the  traiu,uu»siuii  iiitfr\al.s  beiueeu 
the  electrograms.     Time  in  fifths  and  tenths  of  a  second. 
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Fig.  7.      Dog  LH.     {Record  i.)      From  the  same  period  of  fibrillation.     The  curve  from  lead // 

lia?  hern  rrplnorrl  hy  nn  rlprtrnnrain  from  a  thiri-l  pnir  of  contacts  (1).      These  contacts  lay 
'    '  ■'  ■     -      '        '    •       '      '  !         •'  I.     The  record  consists,  therefore,  of 

iliet;i>nia.  Contacts  7  lay  towards 
•  ■  'Wards  the  superior  cava.  The 
V  I.     Time  in  fifths  and  tenths  of  a 


MM*^MtslfyMy^f^S^i^sJ^dd 


mE^mm^ 


Fig.  8.  Dog  LD.  (Record  i.)  An  electrocardiogram  (lead  7  7)  and  two  electrograms  ( 7  and  i') 
taken  30  seconds  after  the  onset  of  fibrillation,  lasting  seven  minutes.  The  direct  leads  were 
from  the  right  appendix,  as  shown  in  the  diagram  to  the  right  of  Fig.  2.  Tlie  lettered 
deflections  are  charted  in  Fig.  2.     Time  in  fifths  and  tenths  of  a  second. 
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lara  (lead  II)  and  an  electrogram  from  the 
illation  which  lasted  over  an  hour,  and  13 
iitacts  to  the  appendix  is  shown  diagramma- 
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Fig.  10_  Dog  JS.  (Rrronl  30.)  T„  u  t-lertro^.ams  taken  dm-ing  the  same  period  of  fibrillation 
and  3o  mmute.s  from  its  onset.  As  shown  diagramraaticallv  on  the  record,  the  lower  contacts 
la>'  across  the  pencardial  reflection  on  the  superior  cava, "while  the  upper  contacts  (-')  lay 
above  and  in  line  on  the  edge  of  the  muscular  sleeve.     Time  in  fifths  of  a  second. 
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l:i  Dog  YR  (Record  20.)  An  electroeiam  from  the  auricle  and  an  electrocardiogram 
from  lead  1 1,  during  a  period  of  auricular  fibrillation  The  ventricle  is  beating  slowly. 
Time  in  fifths  of  a  second. 


AN  EXPERIMENTAL  STUDY  OF  INCOMPLETE  BUNDLE  BRANCH 
BLOCK  AND  OF  THE  REFRACTORY  PERIOD  OF  THE 
HEART  OF  THE  DOG. 

By  FRANK  N.   WILSON,  Aim  Arbor,  and    GEORGE  R.   HERRMANN, 

•St.  Louis. 

(From  the  Department  of  Internal  Medicine,  Washington   University  Medical 
School  and  the  Department  of  Interned  Medicine,  University  of  Michigan.) 

It  is  .scarce!}'  more  than  a  decade  since  the  introduction  of  the  .string 
galvanometer  made  clinical  electrocardiography  possible,  and  yet  it  has 
become  a  method  of  great  value  and  of  almost  universal  interest.  One  has 
but  to  scan  the  medical  journals  to  reaUse  the  rapidity  of  its  growth  and  the 
wealth  of  fact  that  it  has  added  to  cardiology.  L'ntil  quite  recently, 
however,  electrocardiographers  have  been  handicapped  by  the  lack  of  an 
adequate  analysis  of  the  normal  electrocardiogram,  more  especially  of  the 
ventricular  complex.  Thanks  to  Lewis  and  his  collaborators,  we  now  have  a 
thorough  understanding  of  the  Q.R.S.  group  and  its  relation  to  the  spread 
of  the  excitation  process  in  the  ventricular  muscle.  The  conclusions  arrived 
at  as  a  result  of  the  experiments  reported  in  the  Philosophical  Transactions 
of  the  Royal  Society  (3,  5,  6)  are  so  fortified  on  every  .side  that  it  is  improbable 
that  they  will  need  material  revision. 

The  experiments  which  we  report  in  this  article  were  devised  to  test 
certain  conceptions  suggested  by  this  work.  We  cannot  review  Lewis's 
papers  in  detail,  and  we  shall  assume  that  the  reader  is  already  familiar 
with  them. 

Methods. 

The  conclusions  that  may  be  drawn  from  any  experiment  are  conditioned 
by  the  methods  used.  We  shall  describe  here,  therefore,  only  the  general 
circumstances  of  our  experiments,  leaving  each  special  procedure  for 
discussion  in  connection  with  the  data  furnished  by  it. 

Thirty-two  experiments  were  performed  upon  dogs,  and  one  upon  a 
monkey  of  the  genus  Cercopithecus.  Large  dogs  were  chosen  when  they 
were  available.  In  the  great  majority  of  cases  morphine  sulphate  (from 
i  to  U  grains  according  to  the  size  of  the  dog)  was  given  subcutaneously 
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about  one-lialf-hour  before  the  experiment  was  begun.  The  animal  selected 
was  anaesthetised  with  ether.  The  electrocardiographic  electrodes  were 
then  appUed  ;  these  were  small  copper  discs  about  1  inch  in  diameter, 
soldered  to  binding  posts.  They  were  sewn  under  the  skin  after  the  manner 
described  1)3-  Lewis*  ;  one  on  the  inner  surface  of  each  foreleg,  where  it  joined 
the  trunk,  and  one  on  the  inner  surface  of  the  left  hindleg.  These  electrodes 
were  easily  and  quickly  apphed,  and  gave  perfect  satisfaction  ;  the  electrical 
resistance  of  the  animal  and  electrodes  was  usually  about  2.000  ohms,  and 
there  was  never  any  overshooting  of  the  string  or  demonstrable  polarisation. 
The  trachea  was  then  exposed  and  a  tracheal  cannula  inserted.  The  chest 
was  opened  along  the  midhne  by  spUtting  the  sternum,  and  artificial 
respiration  was  begun.  A  sht  was  made  in  the  pericardium  of  just  sufficient 
length  to  expose  the  anterior  surface  of  the  heart  without  allo^\ing  the  organ 
to  slip  out  of  the  pericardial  sac  entirely  ;  in  the  latter  event,  it  was  difficult 
to  maintain  the  heart  in  a  constant  position,  and  variations  in  the 
contact  made  by  it  -with  surroimding  structures  caused  artefacts  in  the 
electrocardiogram.  In  the  majority  of  instances  the  vagi  were  divided. 
This  was  necessary-  to  avoid  sinus  arrhj-thmia,  changes  in  heart  rate,  and  the 
disturbances  of  the  cardiac  mechanism  produced  by  morphine,  and  to  insure 
a  rapid  heart  rate  which  was  desirable  in  most  of  our  experiments.  A 
sufficient  number  of  experiments  Avas  done,  however,  without  morphine 
and  vdih  the  vagi  intact  to  determine  that  vagotomy  had  no  ajipreciable 
influence  upon  our  results.  SUght  changes  in  the  form  of  the  electro- 
cardiogram took  i^lace  when  the  thorax  was  opened,  but  these  were  not  of  a 
character  to  interfere  with  the  experiments.  Occasionally  minor  changes 
in  the  form  of  the  electrocardiogram  occurred  spontaneously  ;  most  of  these 
seemed  to  be  due  to  shght  changes  in  the  position  of  the  heart.  After 
exposing  the  heart,  a  control  electrocardiogram  was  taken  in  each  lead. 
From  this  time  onward,  the  experimental  procedure  was  varied  according 
to  the  information  desired. 

All  measurements  given  in  tliis  article  were  made  with  a  Jaquet  curve 
analyser.  C4reat  accuracy  is  not  possible  with  this  instrument,  but  most  of 
the  intervals  given  are  correct  within  0003  or  0004  second.  The  magnitude 
of  the  error  is  to  a  great  extent  dependent  upon  the  sharpness  of  the  points 
from  which  the  measiu-ements  are  made. 

Theory  of  incomplete  bundle  branch  block. 

We  preface  the  description  of  our  experiments  by  an  account  of  the 
course  of  reasoning  which  led  us  to  undertake  them.  We  hope  in  this  way  to 
present  our  work  more  clearly  and  in  a  more  natural  order. 

The  course  of  the  excitation  wave  over  the  ventricular  muscle  is  known  ; 
entering  the  special  conducting  system  of  the  ventricles  by  waj'  of  the 
His-bundle,  it  passes  along  the  two  chief  branches  of  tliis  structure  and 
their  subdi\-isions  and  spreads  through  the  Purkinje  plexus  which  lines  the 


BUNDLE    BRANCH    BLOCK.  231 

endocardial  surface  of  both  chambers. ^     From  tlie  Purkinje  tissue  it  spreads 
outward  through  the  ventricular  walls  toward  the  epicardial  surface  of  the 
heart.     The  speed  with  which  the  excitation  jirocess  travels  in  the  special 
conducting   sj'stem  is  about  ten  times  as  great  as  the  speed  with  which  itl 
travels    in    the    orcUnary    ventricular    muscle.     The    form     of    the    initial! 
deflection  (Q.R.8.)  of  the  ventricular  complex  is  dependent  upon  the  course  1 
pursued  by  the  excitation  wave  through  the  ventricular  muscle,  and  the  I 
Q.R.S.  interval  is  determined  by  the  time  taken  by  the  excitation  wave  to  ' 
complete  its  journey.* 

Lesions  of  the  special  conducting  system  of  the  ventricles  may  modify 
the  Q.R.S.  group  in  two  ways  :  {a)  by  prolonging  the  time  required  by 
the  excitation  process  to  reach  all  parts  of  the  ventricular  muscle,  and  (b) 
by  changing  the  course  of  the  excitation  wave,  and  thus  the  order  in  which 
the  various  muscle  regions  pass  into  the  active  state.  The  aberrant 
electrocardiograms  associated  with  lesions  which  completely  interrupt  the 
passage  of  the  impulse  through  one  of  the  two  chief  branches  of  the 
His-bundle  are  well  understood.  Their  pecuhar  form  is  the  result  of  the 
asynchronous  activation  of  the  regions  supjjlied  by  the  two  branches;  the 
ventricle  sui^plied  by  the  healthy  branch  passes  into  the  active  state  in 
advance  of  its  neighbour,  and  for  this  reason  shapes  the  early  phases  of 
the  initial  deflection  {Q.R.S.).  For  the  long  Q.i?.<S.  interval  of  these  abnormal 
complexes  there  are  two  possible  causes  :  (1)  the  delay  experienced  by  the 
excitation  wave  in  reaching  the  Purkinje  plexus  of  the  ventricle  normally 
supplied  by  the  injured  branch,  and  (2)  the  increased  time  taken  by  the 
excitation  wave  to  reach  all  parts  of  this  ventricle  because  of  its  abnormal 
mode  of  entr3%  and,  consequently,  abnormal  course.  The  first  cause  is  surely 
an  important  one,  for  since  the  conducting  sj'stems  of  the  two  ventricles 
are  not  linked  together  except  through  the  main  stem  of  the  His-bundle, 
the  impulse  can  reach  tlie  ventricle  affected  by  the  lesion  onlj-  by  passing 
througli  the  inter-ventricular  septum  ;  and  its  rate  of  travel  through  ordinary 
muscle  is  low.  The  importance  of  the  second  cause  is  less  clear.  The 
point  at  which  the  impulse  enters  the  Purkinje  plexus  of  the  one  or  the  other 
ventricle  will  determine  to  a  considerable  extent  the  order  in  which  various 
areas  of  the  subendocardial  muscle  of  that  ventricle  are  activated  ;  it  ^^•ill 
determine  to  a  much  less  extent  the  time  required  by  the  impulse  to  complete 
its  course  through  the  ventricular  muscle  supplied  by  the  plexus  in  question. f 
It  seems  probable,  therefore,  that  the  long  Q.R.S.  interval  of  bundle  branch 
block  curves  is  due  chiefly  to  the  first  cause  mentioned. 


*  Tlie  Q.  U.S.  interval  is  equal  to  the  time  during  which  the  excitation  wave  is  spreading  plus 
the  time  required  by  the  last  muscle  region  activated  to  develop  its  full  potential.  Tlie  time 
consumed  in  the  latter  process  is  known  to  be  short,  and  may  be  assumed  to  be  constant. 

t  Tliia  stat«ment  is  based  on  the  belief  that  the  Purkinje  1  issue  anastomoses  freelj'  ;  that  the 
rate  of  travel  in  tlie  Purkinje  plexus  is  the  same  for  all  its  parts  ;  and  that  the  ventricular  cavities 
are  completely,  or  almost  completely,  lined  with  Purkinje  tissue. 
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Many  of  the  aberrant  electrocardiograms  obtained  from  patients  are 
quite  unlike  the  curves  seen  in  experimental  bundle  branch  block.  On  the 
basis  of  the  pathological  findings  observed  in  cases  from  which  such  curves 
were  obtained  in  hfe,  Oppenheimer  and  Rothschild^"  have  attributed 
certain  abnormaUties  of  the  ventricular  complex  to  defective  conduction 
of  the  impulse  in  the  subdivisions  of  the  branches  of  the  His-bundle  and 
in  the  Purldnje  plexus.  One  of  the  chief  characteristics  of  the  curves 
described  by  them  is  an  abnormally  long  Q.  R.S.  interval.  The  experimental 
evidence  bearing  on  the  problem  is  scanty,  but  such  as  there  is  does  not 
bear  out  the  idea  that  so-called  "  arborisation  block  "  produces  the  type 
of  curve  ascribed  to  it.  Furthermore,  it  is  difficult  to  understand  why 
defective  conduction  in  the  smaller  branches  of  the  His-bundle  should 
produce  more  than  a  very  shght  increase  in  the  Q.R.S.  interval.  The  chief 
cause  of  the  greatly  prolonged  Q.R.S.  interval  of  bundle  branch  block  curves 
is  here  non-operative,  for  the  impulse  has  free  access  to  the  Purkinje 
plexus  of  each  ventricle.  In  order  to  increase  the  Q.  R.S.  interval,  the  lesion 
must,  therefore,  increase  the  time  required  by  the  impulse  to  traverse  the 
muscle  of  the  ventricle  affected.  If  one  examines  accurate  drawings  of  the 
Purkinje  systems  of  the  right  and  left  ventricle,  such  as  those  published 
by  Le\vis  and  Rothschild,^  the  difficulty  of  understanding  how  any  but 
an  extensive  lesion  can  do  this  will  be  appreciated.  It  is  not  sufficient 
that  the  lesion  slightly  delay  the  arrival  of  the  impulse  at  some  region 
that  is  normally  activated  early  ;  it  must  delay  the  arrival  of  the  impulse 
at  some  region  that  is  normally  activated  late  ;  or  it  must  force  the 
impulse  to  pursue  a  path  longer*  than  the  longest  normal  path.  It  seems 
unlikely  that  a  lesion  of  the  freely  anastomosing  Purkinje  tissue  can  do 
this  unless  it  is  a  very  extensive  one.  A  lesion  of  the  Purkinje  plexus  or 
of  the  smaller  subdivisions  of  the  His-bundle  might  be  expected  to  have 
about  the  same  effect  upon  the  activation  of  the  ventricular  muscle  that 
the  hgation  of  a  freely  anastomosing  artery  has  upon  the  blood- flow  in 
the  region  which  the  arterj^  normally  supphes.  Lesions  of  those  strands 
of  conducting  tissue  which,  in  the  dog,  bridge  the  ventricular  cavities 
probably  have  a  greater  effect  upon  the  duration  of  the  spread  of  the 
excitation  process  than  lesions  of  other  parts  of  the  arborisations  of  the 
His-bundle  branches.  It  has  been  shown  that  section  of  these  free  strands 
of  conducting  tissue  modifies  the  dog's  electrocardiogram, ^  but  it  has  not 
been  shown  that  it  produces  a  notable  increase  in  the  Q.R.S.  interval.  In 
man  the  subdivisions  of  the  His-bundle  do  not,  as  a  rule,  bridge  the 
ventricular  cavity. 

Reflections  of  this  nature  made  us  sceptical  of  the  importance  of 
"  arborisation    block "    in    the    production    of    aberrant  electrocardiograms 

*  Longer  in  the  sense  of  more  time-consuming. 
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sliowing  a  conspicuous  increase  in  tiie  Q.R.S.  interval.*  How,  then,  were 
aberrant  electrocardiograms,  not  characteristic  of  bundle  branch  block  as  at 
present  understood,  but  showing  an  abnormally  long  Q.R.S.  interval,  to  be 
explained  ?  On  considering  the  possibilities,  it  appeared  to  us  probable  that 
many  of  these  abnormal  curves  were  due  to  incomplete  bundle  branch  block. 

Lewis*  lias  shown  that  in  right  bundle  branch  block  the  first  part 
of  Q.R.S.  (the  first  half  approximately)  is  written  by  the  spread  of  the 
excitation  process  in  the  left  ventricular  muscle  ;  and  that  in  left  bundle 
branch  block  the  first  part  of  Q.  R.S.  is  written  by  the  spread  of  the  excitation 
process  in  tlie  right  ventricular  muscle.  He  found  that  if  these  pure  right 
ventricular  effects  (dextrocardiogram)  and  pure  left  ventricular  effects 
(levocardiogram)  were  added  algebraically  in  their  proper  time -relation, 
a  curve  identical  with  the  normal  Q.  R.S.  resulted.  It  is  clear  as  a  result  of 
this  knowledge  that  the  principal  effect  of  a  lesion  that  delays  without 
completely  interrupting  the  passage  of  the  impulse  through  one  of  the 
chief  branches  of  the  His-bundle  will  be  a  shift  in  the  time-relation  of  right 
and  left  ventricular  effects,  and,  therefore,  an  abnormal  combination  of  the 
levocardiogram  and  dextrocardiogram.  A  less  important  effect  will  be  a 
change  in  the  relative  mass  of  septal  muscle  activated  from  the  right  and  from 
the  left  Purkinje  plexus. 

Lewis*  has  published  careful  measurements  of  both  the  dextrocardiogram 
and  the  levocardiogram  of  a  number  of  dogs  and  of  one  monkey.  LTsing 
these  data,  we  determined,  as  a  jireliminary  to  our  experiments,  the  effect 
of  shifting  the  relative  positions  of  these  two  curves  upon  the  composite 
curve  obtained  by  their  algebraic  summation.  It  was  found  that  when  the 
right  ventricular  effects  were  retarded,  R  became  shorter  and  S  deeper, 
whereas,  when  the  right  ventricular  effects  were  advanced,  R  became  taller 
and  S  tended  to  disappear.  The  first  curve  (A)  of  Fig.  1  shows  the  effect 
of  advancing  the  dextrocardiogram  0005  second  ;  R  is  considerably  taller 
than  in  curve  B,  which  shows  the  algebraic  summation  of  levocardiogram 
and  dextrocardiogram  in  their  normal  time-relation.  Curves  C,  D  and  E 
were  obtained  by  advancing  the  levocardiogram  0005,  0010  and  0015  second 
respectively.  The  result  is  a  gradual  reduction  in  the  height  of  R  and  the 
formation  of  an  S  deflection.  In  general,  shifting  the  relative  positions 
of  the  levocardiogram  and  the  dextrocardiogram  produces  curves  transitional 
in  form  between  the  Q.R.S.  of  the  normal  complex  and  the  Q.R.S.  of  bundle 
branch  block  curves  ;  the  composite  curve  gradually  takes  on  the  form  of 
the  levocardiogram  or  dextrocardiogram  whichever  is  made  to  precede  the 
other. 

*  We  do  not  maintain  that  very  extensive  lesions  of  t)ve  Purkinje  plexus  or  a  toxic  depression 
of  the  conductivity  of  the  special  tissues  as  a  whole  cannot  increase  the  Q.  R.S.  interval,  but  we 
believe  that  such  disturbances  are  infrequent.  On  several  occasions  we  have  seen  great  pro- 
longation of  the  Q.R.S.  interval  in  patients  who  were  moribund.  In  these  instances  the  increaise 
of  the  Q.R.S.  interval  was  not  limited  to  beats  of  supraventricular  origin  ;  when  ventricular 
extrasystoles  occurred,  the  extrasystolic  ventricular  complex  also  had  an  imusual  outline,  and 
showed  great  broadening  of  the  initial  deflections. 
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Fig.  1.  Curves  obtained  by  the  algebraic  combination  of  the  levocardiogram  and  dextrocardio- 
gram  in  varying  time-relations.  A. — Dextrocardiogram  advanced  0005  second.  B. — 
LevocardiogTiim  and  tlextrocardiogram  combined  in  normal  time-relation.  C. — L.evo- 
cardiogram  advanced  0  005  second.  Z).— Levocardiogram  advanced  0010  second.  E. — 
Levocardiogram  advanced  0015  second. 


Experimental  combinations  oj  the  Jevocardiogram  and  the  dextrocardiogram. 

Having  determined  the  general  form  of  the  composite  Q.R.S.  obtained 
by  the  algebraic  addition  of  the  levocardiogram  and  the  dextrocardiogram 
in  varj-iug  time-relations,  we  attempted  to  produce  abnormal  combinations 
of  these  two  curves  experimentally.  For  this  purpose  we  devised  a  number 
of  methods  which  will  be  considered  in  order. 


Vagus  stimulation  in  right  bundle  branch  block.  We  first  tried  vagus 
stimulation  in  right  bundle  branch  block.  When  the  right  vagus  nerve 
of  the  dog  is  strongly  stimulated,  all  cardiac  activity  is  for  a  short 
time  completely  inhibited.  If  the  stimulation  is  continued,  the  ventricles 
escape,  and  in  manj'  such  instances  the  form  of  the  ventricular  complex 
indicates  that  the  idio-ventricular  pace-maker  hes  below  the  bifurcation 
of  the  His-bundle.  It  seems  probable  that  vagus  stimulation  inhibits  all 
higher  centres.  It  was  thought  that  by  cutting  the  right  branch  of  the 
bundle  we  should  destroy  the  influence  of  the  vagi  upon  aU  centres  below  the 
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cut,  and  that  on  vagus  stimulation  of  sufficient  intensity  an  idioventricular 
rhythm  of  right-sided  origin  would  result.  If  the  supra-ventricular  centres 
were  then  released  gradually  we  might  expect  to  get  interference  of  two 
pace-makers  and  various  combinations  of  the  levocardiogram  associated 
with  the  supra-ventricular  pace-maker  and  the  dextrocardiogram  associated 
with  the  idio-ventricular  pace-maker. 

We  did  four  experiments  of  tliis  type.  The  right  branch  of  the 
His-bundle  was  cut  according  to  the  method  of  Lewis.'  The  right  vagus  was 
stimulated  \\'ith  a  faradic  current  from  a  small  induction  coil.  In  only 
one  of  these  experiments  did  we  obtain  a  transition  of  the  tj-pe  sought. 
In  some  instances  it  was  impossible  to  produce  an  idio-ventricular  rhythm  ; 
in  other  instances,  an  idio-ventricular  rhythm  developed  but  the  ventricular 
complexes  were  of  the  same  type  as  before  stimulation.  Under  the  conditions 
of  our  experiments,  the  right  vagus  did  not  seem  to  have  a  sufficient 
influence  over  the  lower  centres  to  enable  us  to  obtain  a  rhythm  of  right-sided 
origin.  The  single  transition  obtained  (Fig.  6)  shows  complexes  of  the  type 
expected  to  result  from  the  abnormal  combination  of  the  levocardiogram 
and  the  dextrocardiogram.  The  pure  right-sided  complexes  were  not 
recorded,  but  the  first  complex  of  the  curve  is  shaped  in  its  early  phases 
by  right  ventricular  activity.  Each  succeeding  complex  shows  an  advance 
A  the  levocardiogram  until  in  the  fourth  cycle  the  fully  developed  right 
branch  block  complex  is  seen.  In  the  second  cycle,  right  and  left  ventricular 
effects  occur  in  nearly  the  normal  time-relation  and  the  result  is  a  complex 
of  relatively  normal  outline. 

Bilateral  hioitlle  branrh  block.  \Vc  next  attempted  to  obtain  transitions 
between  a  rhythm  of  right -sided  and  one  of  left -sided  origin  by  cutting 
both  branches  of  the  His-bundle.  It  was  first  shown  by  Eppinger  and 
Rothberger*  that  section  of  both  divisions  of  the  bundle  docs  not  produce 
standstill  of  the  ventricles  except  for  a  few  moments  ;  one  of  the  lower 
ventricular  centres  takes  on  the  function  of  pace-maker.  We  found  that 
in  bilateral  bundle  branch  block  the  ventricular  complex  might  begin . 
with  right  ventricular  effects,  indicating  a  right-sided  pace-maker  ;  it 
might  begin  with  left  ventricular  effects,  indicating  a  left-sided  pace-maker 
(Fig.  19)  ;  or  it  might  be  of  relatively  normal  outline  as  in  the  instance 
described  by  Eppinger  and  Rothberger.^  Providing,  as  we  are  led 
to  beUeve,  that  only  the  speciaU.sed  tissues  possess  the  property  of 
rhythmicity  in  high  degree,  the  normal  type  of  ventricular  complex  in 
bilateral  bundle  branch  block  can  result  only  from  the  simultaneous 
activity  of  two  pace-makers,  one  in  each  branch  of  the  bundle. 

We  cut  both  divisions  of  the  His-bundle  in  five  experiments.  In  one 
of  these,  the  ventricular  complexes  were  of  relatively  normal  form.  In  the 
others,  occasional  changes  in  the  location  of  the  pace-maker  from  one  side 
to  the  other  occurred  and  these  shifts  were  usually  accompanied  by  complexes 
of  transitional  form.     In  Fig.  20,  two  transitional,  or  what  we  may  term, 
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combination  complexes,  are  seen.  In  the  top  record,  a  single  complex  of 
normal  outline  occurs  after  a  long  period  of  ventricular  standstill  that 
foUowctl  the  second  cut.  In  this  instance,  two  centres,  one  on  each  side, 
formed  impulses  at  the  same  instant.  The  second  combination  complex  is 
seen  in  the  bottom  strip  of  record  (cj'cle  2).  It  accompanies  a  shift  of  the 
pacemaker  from  the  left  to  the  right  side,  and  is  the  result  of  the  simultaneous 
discharge  of  two  centres  competing  for  control  of  the  ventricular  rhythm. 

Transitional  complexes  did  not  occur  \nth  sufficient  frequency  in 
these  experiments  to  make  the  method  of  much  value  for  our  purpose.  The 
experiments  are,  however,  of  considerable  interest ;  thej^  convince  us  that 
complete  heart  block  associated  \\\t\\  ventricular  complexes  of  varj-ing  form 
is  usually  due  to  bilateral  bundle  liranch  block  and  not  to  a  lesion  of  the 
main  stem  of  the  His-bundlc. 


Stimulation  of  the  right  ventricle  in  right  bundle  branch  block. 

The  two  methods  already  described  were  designed  to  produce  al)normal 
combinations  of  the  normal  levocardiogram  and  the  normal  dextrocardiogram. 
In  so  far  as  they  were  successful,  they  confirmed  the  idea  that  such 
combinations  give  complexes  transitional  in  form  between  the  normal 
complex  and  bimcUe  branch  block  complexes.  The  third  method  employed 
also  gave  combinations  of  the  levocardiogram  and  dextrocardiogram,  but 
in  this  instance  one  of  these  curves  was  of  "  extrasystolic  "  origin. 

It  has  been  shown  by  Levis'  and  others  that,  if  a  sj'stole  be  produced 
by  stimulation  of  the  surface  of  the  right  ventricle,  the  ventricular 
complex  is  of  nearly  the  same  form  as  the  ventricular  complex  of  left 
bundle  branch  block.  The  excitation  wave  initiated  at  the  surface  of  the 
right  ventricle  travels  in  all  directions  :  its  speed  of  travel  in  the  ordinary 
muscle  is  slow,  but  when  it  readies  the  endocardial  surface  it  sjjreads  with 
great  rapidity  throughout  the  right  Purkinje  plexus,  and  its  further  course 
through  the  ventricular  walls  does  not  differ  materially  from  that  of  the 
excitation  wave  that  enters  the  Purldnje  plexus  by  way  of  the  right  branch 
of  the  His-bundle.  Such  cUiferences  as  exist  between  the  ventricular 
complexes  produced  by  stimulation  of  various  points  on  the  right  ventricular 
surface  and  between  the.se  and  the  ventricular  complex  of  left  bundle  branch 
block  are  due  to  shght  differences  in  the  order  in  which  the  different  regions 
of  the  right  ventricular  muscle  are  thrown  into  the  active  state. 

Both  the  excitation  wave  which  originates  at  the  surface  of  the  right 
ventricle  and  that  which  descends  from  the  auricles  in  left  bundle  branch 
block  reach  the  left  Purkinje  i:)lexus  late.  The  course  of  the  excitation 
wave  through  the  left  ventricular  muscle  is  probably  the  same  in  both 
cases.  In  left  bundle  branch  block,  the  impulse  reaches  the  left  Purkinje 
plexus  by  piercing  the  septum.  The  excitation  wave  that  originates  at  the 
surface   of  the   right  ventricle   has   the   choice   of  two   routes   to   the  left 
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Purkiiije  plexus  ;  it  may  pierce  the  septum  or  it  may  pass  up  the  right 
division  of  the  bundle  and  down  the  left.  From  tlie  fact  that  the  form  of 
the  ventricular  complex  produced  by  stimulating  a  given  point  on  the 
ventricular  surface  before,  and  that  produced  after  cutting  one  division 
of  the  bundle,  are  usually  almost  identical  in  form  (Fig.  15),  we  conclude 
that  the  first  route  is  the  one  usually  chosen,  or  that  the  route  chosen  is 
immaterial  so  far  as  the  further  course  of  the  impulse  is  concerned. 

The  close  resemblance  of  the  extrasystoUc  to  the  normal  dextro- 
cardiogram  suggested  our  third  method  of  obtaining  abnormal  combinations 
of  riglit  and  left  ventricular  effects.  Right  bundle  branch  block  was  produced 
by  cutting  the  right  branch  of  the  bundle.  The  surface  of  the  right 
ventricle  was  then  stimulated  with  single  induction  shocks.  In  our  first 
experiments  we  used  both  make  and  break  shocks,  and  placed  them  at 
random.  Later,  through  the  kindness  of  Dr.  Joseph  Erlanger,  we  were  able 
to  employ  a  device  wiiich  supplied  break  shocks  at  regular  and  adjustable 
intervals.  When  the  rate  of  stimulation  was  just  a  httle  slower  than  the 
heart  rate,  it  was  possible  to  obtain  a  short  record  showing  the  effect  of 
stimulation  in  each  portion  of  the  cardiac  cycle.  The  stimulus  used  was  of 
sufficient  strength  to  produce  a  smart  painful  sensation  when  appUed  to  the 
tongue,  and  to  cause,  in  most  instances,  a  definite  notch  in  the  electro- 
cardiographic record.* 

The  notch  in  the  record  produced  by  the  stimulus  is  useful  as  a  signal. 
When  the  heart  responds  it  is  followed  by  a  ventricidar  complex  after  a 
definitef  latent  period  wliich  varies  in  length  with  the  point  stimulated. 
According  to  Lewis,^  the  duration  of  the  latent  period  is  determined  by  the 
distance  of  the  point  stimulated  from  Purkinje  tissue. 

Except  during  the  refractory  period  of  the  point  stimulated,  each 
stimulus  applied  to  the  surface  of  the  right  ventricle  is  followed,  after  a 
definitef  interval,  by  an  extrasystoUc  dextrocardiogram.  Each  P  summit 
is  followed  after  a  definite  interval,  the  right  branch  of  the  His-bundle 
being  cut  across,  by  a  normal  levocardiogram.  By  properly  placing  the 
stimiUus  in  relation  to  P,  and  therefore  in  relation  to  the  levocardiogram 

*  The  presence  or  absence  of  this  notch  in  the  record  is  not  dependent  upon  the  strength 
of  the  stimuhLS  alone,  but  also  upon  the  distance  between  the  platinum  points  of  the  stimulating 
electrode  and  upon  the  angle  made  by  the  line  joining  the  points  of  the  electrode  with  the  line 
joining  the  leading  ofi  points.  When  this  angle  is  nearly  a  right  angle,  the  notch  is  small  or 
absent :  when  it  is  nearly  zero,  the  notch  is  maximal.  Other  factors  being  equal,  the  greater  the 
distance  lietween  the  jilatinum  points,  the  larger  is  the  notch. 

t  Tlie  Uimtli  of  the  latent  period  after  stimulation  of  a  given  point  is  constant  except  for 
the  stimuli  which  till  just  after  the  refractory  period  ends.  These  are  followed  by  a  much  longer 
latent  period  than  the  ^'■■n;';  '^.  t  f  lU  later  in  the  cardiac  cycle.  It  has  been  shown  by  Keith 
Lucas"  that  all  stimuli  '    :     '    I     innr  a  short  interval  immediately  succeeding  the  refractory 

period  are  followed  \>y  ■  tlie" same  delayed  moment.     Stimuli  which  fall  just  outside 

this  interval  are  a!-.,  f  i   '  i\ed  responses.     Tlie  cause  of  the  long  latent  period  that 

follows  early  -  '       '  '      either  a  slow  development  of  the  local  excitation 

process  set   u;  >nduction  of  the   propagated  disturbance.     The 

observations    :  i    muscle,  nerve  and  the  cardiac  muscle  of  the  frog  ; 

the  galvanom   ;  i  l.-;trodes  were  placed  directly  upon  the  excitable 

tissue.  We  lia%e  not  ma.le  accurate  measurements  of  the  latent  period  in  our  experiments; 
but,  although  indirect  leads  were  used,  inspection  of  the  records  indicates  that  in  some  instances 
at  least  the  latent  period  varies  in  accordance  with  Lucas's  conclusions. 
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which  follows  it,  a  varietj-  of  combinations  of  the  levocardiogram  and  the 
extrasystolic  dextrocardiogram  may  be  obtained.  Moreover,  since  each 
of  these  curves  follows  a  recorded  event  by  a  definite  interval,  their  time 
relations  can  be  determined. 

To  illustrate  the  method,  we  may  describe  experiment  7  in  detail.  In 
tliis  instance,  we  first  attempted  to  cut  the  left  branch  of  the  bundle. 
Characteristic  left  bundle  branch  block  complexes  appeared  immediately 
(Fig.  lb)  ;  but  a  few  minutes  later  the  normal  type  of  complex  returned 
(Fig.  7c).  We  then  produced  right  bundle  branch  block  by  pressing  \n\h.  the 
back  of  the  knife-blade  upon  the  right  side  of  the  septum  ;  characteristic 
electrocardiograms  developed  at  once  (Fig.  Id)  and  persisted  for  about  one  and 
one-half  hours.  Complexes  of  nearly  normal  outline  then  returned  (Fig  7c). 
WJiile  right  branch  block  was  present,  the  right  ventricle  was  stimulated 
at  irregular  intervals  by  single  make  and  break  induction  shocks.  When 
the  stimulus  was  appHed  to  the  central  region,  approximately  over  the  point 
where  the  right  branch  of  the  bundle  breaks  into  its  arborisation,  the 
resulting  ventricular  complex  (Fig.  8  complex  4)  closely  resembled  the 
left  branch  block  complexes  (Fig.  lb)  obtained  earlier  in  the  experiment. 
When  the  stimulus  fell  during  the  PR  interval,  a  combination  complex 
resulted,  and  in  many  instances  tliis  was  identical  \\ith  the  normal  complex 
of  the  control  curve  (compare  complex  2,  Fig.  8,  ^\-ith  the  ventricular  complex 
of  lead  //,  Fig.  7ff). 

In  order  to  show  that  the  Q.R.S.  of  the  combination  complexes  under 
discussion  is  a  summation  of  the  levocardiogram  and  dextrocardiogram,  we 
have  measured  and  charted  the  extrasystoUc  comi)lcx  (Fig.  8,  complex  4) 
and  the  branch  block  complex  (complex  3)  of  Fig.  8,  and  have  added  the 
ordinates  of  the  resulting  curves  algebraically  (Fig.  2).  The  time  relation 
in  which  these  curves  united  to  form  comple.^  2,  which  is  charted  for 
comparison  with  the  calculated  curve,  was  determined  as  follows  :  P  precedes 
complex  3  (the  levocardiogram)  by  0088  second  and  complex  2  (the 
combination  complex)  by  0076  second.  The  signal  of  the  stimulus  precedes 
complex  2  bj'  002  second  and  complex  4  (the  dextrocardiogram)  by  002 
second.  In  complex  2,  therefore,  the  dextrocardiogram  precedes  the 
levocardiogram  bj-  0012  second.  The  curves  were  charted  and  added  in 
this  relation.  In  its  early  phases  the  calculated  curve  (Fig.  2f)  closely 
resembles  the  recorded  combination  complex  (N).  Of  course  only  the  first 
part  of  Q.R.S.  of  complex  3  (Fig.  8)  and  the  first  part  of  complex  4  were 
produced  by  the  spread  of  the  excitation  wave  in  a  single  ventricle  ;  the  last 
part  of  Q.R.S.  in  each  instance  is  bilateral  in  origin.  Consequently,  the 
calculated  and  the  recorded  curves  (C  and  ^Y)  resemble  each  other  in  their 
earh-  phases  only.  The  curve  obtained  by  adding  T  of  the  extrasystoUc 
complex  and  T  of  the  bundle  branch  block  complex  will  be  discussed  in  a 
later  section  of  this  article. 

Other  experimental  combinations  of  the  levocardiogram  and  the 
dextrocardiogram  are  shown  in  Fig.  9.     In  this  instance,  the  stimulus  was 
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Fig.   2.     Lf.— Chart  of  complex  2  of  Fig.  8.     Rt,— Chart  of  complex  4.      A'.— Chart  of  complex  2. 
G. — Calculated  curve  obtained  by  the  algebraic  addition  of  the  ordinal es  of  Rt.  and  Lf. 


applied  to  tlio  conus  region  and  the  extrasystolic  dextrocardiogram  is  of 
greater  amplitude  than  the  normal  dextrocardiogram.  Complex  A  represents 
a  complete  ventricular  extrasystole  ;  the  signal  precedes  it  by  an  interval  of 
0-025  second.  The  other  lettered  complexes  are  combinations  of  the 
extrasystohc  dextrocardiogram  and  the  normal  levocardiogram.  The 
time  relation  of  these  curves  can  be  determined  in  each  instance  by  a 
comparison  of  the  S-R  interval  (signal  to  R)  with  the  S-R  interval  of 
complex  A,  or  by  a  comparison  of  the  PR  interval  with  the  natural  P-R 
interval  of  0088  second.  Measurements  of  the  S-R  and  PR  intervals  of 
each  lettered  complex  of  Fig.  9  are  given  in  Table  I.  In  the  last  two  columns 
of  the  table  the  interval  by  which  the  dextrocardiogram  or  levocardiogram 
precedes  its  fellow  is  given, 
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TABLE    I. 
The  S.R  and  P-R  intervals  oj  the  combination  complexes  of  Fig.  9. 


Complex. 

S-lilnt. 
Seconds. 

P-R  Int. 
Seconds. 

Dextro- 

cardiogram 

precedes  by ; 

Seconds. 

Lovo- 

cardiogram 

precedes  by  ; 

Seconds. 

A 

0025 

0-026 

— 

_ 

B* 

0036 

0052 

0-036 

- 

C 

0023 

0057 

0031 

- 

D 

0022 

0074 

0-014 

— 

E* 

0035 

0086 

0-002 

— 

F* 

0-036 

0089 

- 

0001 

G 

0019 

0090 

- 

0-006 

H 

0-014 

0088 

0-011 

I 

—  0-OU 

0089 

— 

0-039 

Otl.ers 

— 

0-088 

— 

— 

In  comjilcxcs  E,  F  and  6'  (Fig.  0)  the  levocardiograin  and  dextro- 
cardiogram  begin  almost  at  the  same  time  (Table  I).  These  complexes  arc  of 
relatively  normal  form  ;  they  show,  however,  the  influence  of  the  greater 
amphtude  of  the  dextrocardiogram.  Complexes  B,  C  and  D,  in  which  the 
dextrocardiogram  precedes  its  fellow,  are  transitional  in  outhne  between 
complex  A  and  the  normal  complex.  Complexes  H  and  /,  in  which  the 
levocardiogram  precedes,  are  transitional  in  form  bchveen  the  normal 
complex  and  the  right  branch  block  complex.  All  of  the  lettered  complexes 
are  diphasic. 

A  still  better  idea  of  the  relation  between  the  relative  positions  of  the 
levocardiogram  and  the  dextrocardiograms  and  the  form  of  the  combination 
complex  maj-  be  obtained  from  Fig.  10.  In  this  instance,  the  conus  region 
was  stimulated  rhythmically  at  a  rate  shghtly  below  the  heart  rate.  The 
result  Mas  a  beautiful  transition  from  the  extrasystolic  complex  to  the 
right  branch  block  complex.  The  measurements  of  Fig.  10  are  given  in 
Table  II. 


*  These  complexes  follow  the  signal  of  a  make  stimulus.  The  latent  period  seems  to  be  longer 
in  this  experiment  for  make  than  for  break  stimuli,  ^^'e  are  not  able  to  say  whether  this  is 
usually  the  case. 
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T.\BLE    II. 
The  S-E,  PR,  and  Q.R.S.  intervals  of  Fiy. 


Complex. 

Q.  U.S.  Int. 
Seconds. 

S.R  Int. 
Seconds. 

P- if  Int. 

Seconds. 

Dextro- 

cardiogram 

precedes  by  ; 

Seconds. 

Levo- 

cardiograra 

precedes  by  ; 

Seconds. 

X 

0067 

0030 

0043 

_ 

_ 

2 

0048 

0031 

0064 

0007 

3 

0043 

0023 

0071 

- 

^          0008 

4 

0049 

0010 

0071 

- 

!          0020 

5 

0073 

—0014 

007.-) 

- 

'          0034 

G 

UMTS 

- 

0OT4 

- 

Here  again  the  dcxtrocardiogram  is  of  greater  amplitude  than  the 
levocardiogram,  and,  con.'^eqxiently,  it  controls  the  form  of  the  combination 
complex,  not  only  when  it  precedes  the  levocardiogram  as  in  complex  2, 
but  even  when  it  follows  it  b\-  a  short  interval  as  in  complex  3.  It  will  be 
noted  that  the  combination  complexes  have  a  Q.B.S.  interval  intermediate 
between  that  of  the  normal  comjilex  and  that  of  the  extra.systolic  and  branch 
block  complexes. 

A  still  more  gradual  transition  from  an  extrasystolic  complex  to  a 
right  branch  block  complex  is  shown  in  Fig.  25.  In  this  instance  the 
progression  is  not  so  orderly  ;  comjjlex  5  is  transitional  in  form  between 
complexes  3  and  4.  Complex  1  is  a  complete  extrasystole.  In  complexes 
2  to  7  inclusive,  the  dcxtrocardiogram  precedes  the  levocardiogram.  In 
complexes  S  to  10  inclusive,  the  levocardiogram  precedes  the  dextro- 
cariliogram.  Complex  17  is  a  fulh'  developed  right  branch  block  complex. 
The  character  of  the  combination  complexes  is,  in  general,  the  same  as  in 
the  figures  previously  discussed,  but  it  is  desirable  to  point  out  tlie 
resemblance  of  complexes  11,  12  and  13  to  the  type  of  complex  attributed 
to  arborisation  block.     The  measurements  of  Fig.  25  are  given  in  Table  III. 


Summary  of  the  chamcteri.-itics  of  the  complexe-s  produced  experimentaUy 
by  the  combination  of  levocardiogram  and  dextrocardiogram  in  varying 
time  relations. 

The  experimental  combination  of  the  levocardiogram  and  dextro- 
cardiogram in  varj-ing  time  relations  shows  that  : — 

1.  Combination  complexes  in  which  the  dextrocardiogram  precedes  the 
levocardiogram  by  a  considerable  interval  are  transitional  in  outline  between 
the  normal  complex  and  the  complex  of  left  bundle  branch  block. 
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2.  Combination  complexes  in  which  tlie  levocardiogram  precedes  the 
dextrocardiogram  by  a  considerable  interval  are  transitional  in  outline 
between  the  normal  complex  and  the  complex  of  left  bundle  branch  block. 

3.  Combination  complexes  in  which  the  levocardiogram  and  dextro- 
cardiogram begin  at  almost  the  same  instant  resemble  the  normal  type  of 
complex  closely. 

4.  All  combination  complexes  excejit  those  of  the  third  class  are 
diphasic  and  have  a  Q.R.S.  interval  intermediate  between  the  natural 
Q.R.S.  interval  and  the  Q.R.S.  interval  of  bundle  branch  block. 


Experimental  incomplete  bundle  branch  block. 

Having  determined  the  form  of  complexes  produced  by  abnormal 
combinations  of  the  dextrocardiogram  and  levocardiogram,  we  attempted  to 
produce  incomplete  bundle  branch  block  exiierimentally.  In  our  early 
experiments,  we  found  that  attempts  to  cut  one  of  the  bundle  divisions 
frequently  produced  temporary  bundle  branch  block.  Temporary  branch 
block  could  also  be  produced  by  pressure  upon  the  right  or  left  side  of  the 
septum.  The  recovery  of  the  injured  branch  was  usually  gradual,  and  during 
the  stage  of  recovery  we  were  able  to  obtain  records  showing  comjilexes 
transitional  in  form  between  the  bundle  branch  block  complex  and  the 
normal  complex. 

The  control  curves,  the  tran.sitional  curves  and  the  complete  branch 
block  curves  from  such  an  experiment  are  shown  in  Fig.  12  (Exp.  17). 
In  this  experiment  we  attempted  to  cut  the  left  bundle-division  ;  the 
characteristic  curves  of  left  branch  block  appeared  immediately.  The 
movements  of  the  galvanometer  string  were  watched  closelj%  and  when  a 
change  in  the  form  of  complex  was  seen  to  occur,  records  in  the  three  leads 
were  made  as  quickly  as  possible.  The  central  records  of  Fig.  12  show  the 
type  of  complex  jiresent  at  this  time.  These  complexes  show  all  the 
characteristics  of  experimental  combinations  of  the  levocardiogram  and 
dextrocardiogram  in  which  the  latter  precedes  the  former  ;  they  are  diphasic 
and  are  transitional  in  outUne  between  the  normal  complex  and  the  left 
branch  block  complex.  Their  form  and  the  manner  in  which  they  were 
obtained  makes  us  certain  of  their  origin  ;  they  represent  the  effect  of 
incomplete  left  branch  block  upon  the  form  of  the  dog's  electrocardiogram. 

A  similar  series  of  curves  showing  the  effect  of  incomplete  right 
branch  block  upon  the  form  of  the  electrocardiogram  is  shown  in  Fig.  17 
(Exp.  21).  In  this  experiment,  temporary  right  branch  block  was  j^roduced 
accidentally.  While  stimulating  the  right  central  region  the  electrode 
was  thrust  through  the  wall  of  the  right  ventricle  ;  right  branch  block 
complexes  appeared  at  once,  but  did  not  persist.  When  it  was  noted  that 
the  injured  bundle  had  begun  to  recover,  records  were  made  at  once  (central 
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records  of  Fig.  17).  Later  the  right  branch  of  tlie  His-l)inulle  was  cut  ; 
the  resulting  curves  (right  hand  records,  Fig.  17)  were  identical  in  outline 
with  tliose  that  followed  the  accidental  injury  of  tliis  branch  (Fig.  15). 
The  remarks  made  with  reference  to  Fig.  12  apply  to  Fig.  17  Avith  equal 
force,  except  that  here  we  are  deaUng  witli  incomplete  right  branch  block 
instead  of  incomplete  left  branch  block. 

Various  stages  in  the  recovery  of  the  right  branch  in  an  experiment  in 
which  right  branch  block  was  produced  by  pressing  upon  the  right  side  of  the 
septum  are  shown  in  Fig.  22. 

From  these  experiments  we  may  conclude  that  incomplete  bundle 
branch  block  jjroduces  curves  of  the  form  anticipated  from  a  study  of  abnormal 
combinations  of  the  Icvocardiogram  and  dextrocardiogram. 

Partial  bundle  branch  block.  Lesions  of  tlie  main  stem  of  the  His-bundle 
may  produce  :  (I)  complete  A-V  dissociation  ;  (2)  partial  .4-1'  block  ;  or 
(3)  a  simple  increase  in  the  ^s-T's  interval.  Lesions  of  the  branches  of  the 
His-bundle  have  so  far  been  shown  to  produce  but  two  kinds  of  disturbances : 
(1)  complete  bundle  branch  block,  and  (2)  incomplete  bundle  branch  block 
corresponding  to  delayed  conduction  in  the  main  stem.  Do  lesions  of  the 
bundle-divisions  ever  produce  a  disturbance  comparable  to  partial  A-V 
block  ?  We  should  expect  partial  bundle  branch  block  to  be  represented, 
in  the  electrocardiogram  by  (a)  a  gradual  increa.se  in  the  Q.R.S.  interval 
ending  with  a  complex  like  those  of  complete  branch  block  followed  by 
a  sudden  decrease  in  the  Q.R.S.  interval  ;  or  (b)  an  alternation  in  the  length 
of  the  Q.R.S.  interval ;  the  wider  complex  indicating  comjilete  block,  and  the 
other  impaired  bundle  branch  conduction.  That  is,  we  should  expect 
variations  in  the  Q.R.S.  interval  comparable  to  the  variations  of  the  PR 
interval  that  occur  in  partial  A-V  block.  We  have  never  seen  variations 
in  the  Q.R.S.  interval  of  this  character  either  in  experimental  or  in  clinical 
electrocardiograms,  and  it  seems  that,  if  they  occur  at  all,  they  are  of  great 
rarity.  That  their  infrequency  is  not  due  to  any  essential  difference  between 
the  main  stem  of  the  His-bundle  and  its  two  divisions  is  shown  by  the 
following  observations. 

In  experiment  22,  a  cut  on  the  left  side  of  the  septum  was  followed 
by  characteristic  complete  left  branch  block  (Fig.  18).  About  15  minutes 
later  the  right  branch  of  the  His-bundle  was  cut.  The  second  cut  was 
followed  by  a  period  of  ventricular  standstill  (Fig.  20,  top  curve)  after 
which  the  ventricles  began  to  beat  independently  (Fig.  20,  bottom  curve). 
After  a  short  time  the  left  branch,  which  had  not  been  completely  severed, 
began  to  recover,  and  typical  jDartial  A-V  block  ensued  (Fig.  21).  At  this 
time  the  ventricular  complexes  were  of  the  right  branch  block  tj-pe. 
Eventually,  the  left  branch  recovered  completely,  but  right  branch  block 
persisted  (Fig.  18,  right-hand  curves).  It  is  quite  clear,  therefore,  that, 
when  one  branch  of  the  bundle  is  cut,  lesions  of  the  remaining  branch  have 
the  same  effect  as  lesions  of  the  main  stem. 
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It  is  obvious  that  any  delay  in  the  laassage  of  the  impulse  through 
one  of  the  bundle-divisions  which  amounts  to  more  than  three  or  four 
hundredths  of  a  second  (in  the  dog)  ^^-ill  produce  the  same  result  as  complete 
bundle  branch  block  ;  the  impulse  will  pass  around  the  region  of  impaired 
conductivity  by  way  of  the  contralateral  ventricle  rather  than  through  it. 
In  most  instances  of  partial  A-  V  block,  all  supraventricular  impulses 
suffer  a  delay  in  the  main  stem  of  the  bundle  (or  in  the  A-  V  node)  more 
than  sufficient,  if  it  took  place  in  a  bundle  division,  to  give  the  picture 
of  complete  branch  block.  It  is  true  that,  in  some  instances  of  partial 
A-  V  block,  the  PR  interval  that  follows  the  long  ventricular  pause  is 
little  if  any  longer  than  the  natural  F-R  interval  ;  but  this  short  P-R 
interval  is  the  expression  of  an  improvement  in  the  conducti\ity  of  the 
region  of  block  that  seems  to  be  dependent  upon  the  failure  of  the  blocked 
impulse  to  reach  the  farther  side  of  this  region  or  to  produce  a  ventricular 
systole.  In  bundle  branch  block,  the  impulse  is  not  i^revented  from 
reacliing  the  farther  side  of  the  region  of  impaired  conductivity,  nor  is  it 
prevented  from  initiating  a  ventricular  systole,  and  it  is  possible  that  under 
the.se  circumstances  no  improvement  in  the  conductivity  of  the  region  of 
block  occurs  as  a  result  of  the  failure  of  the  impulse  to  traverse  it.*  These 
considerations,  so  it  seems  to  us,  explain  the  great  rarity  or  non-occurrence 
of  partial  bundle  branch  block.  Incomplete  bundle  branch  block  may 
cause  variations  in  the  Q.R.tS.  interval  when  the  heart  is  beating  irregularly. 
In  auricular  fibrillation,  for  instance,  it  is  not  improbable  that  the  variations 
in  the  period  of  rest  enjoyed  bj^  the  region  of  block  may  cause  variations 
of  its  conductivity. 

The  effect  of  lesions  of  the  divisions  and  the  subdii-isions  of  the  His-bundJe  upon 
the  form  of  the  ventricular  complex. 

In  the  course  of  our  experiments,  we  have  accumulated  considerable 
data  upon  the  effect  of  cutting  the  divisions  and  subdivisions  of  the 
His-bundle  upon  the  form  of  the  electrocardiogram. 

So  far  as  the  general  form  of  the  ventricular  complex  after  section 
of  the  chief  right  or  cliief  left  di\4sion  of  the  His-bundle  is  concerned,  we 
can  add  nothing  to  the  descriptions  given  hy  Lewis.*  We  did  not  obtain, 
as  did  he,  any  right  bundle  branch  block  curves  in  which  the  chief  initial 
deflection  of  lead  /  was  upwardly  directed.  We  did  obtain  right  branch 
block  curves  intermediate  in  form  between  this  so-called  discordant  type 
and  the  ordinary  concordant  type  in  wiiich  the  chief  initial  deflection  is 

*  The  improvement  in  the  conductivity  of  the  region  of  block  that  follows  a  blocked  beat  is 
difficult  to  explain.  The  simple  theory  of  rest  and  recovery  is  not  adequate.  Why  does  not  the 
;vtt.  iMit  of  the  impulse  to  pass  cause  as  much  fatigue  as  its  actual  passage  ?  Wiy  does  the 
iiii]  ul>.  tliat  .'ives  rise  to  an  interpolated  ventricular  extrasystole  cause  a  prolongation  of  the 
ii.-M  /'  /,'  lutti  val  in  spite  of  the  fact  that  it  does  not  traverse  the  junctional  tissues  ?  There  are 
a  number  uf  facts  that  suggest  that  the  improvement  in  the  conductivity  of  the  region  of  block 
that  follows  a  blocked  impulse  is  associated  with  tlie  failure  of  tliis  impulse  to  produce  a  ven- 
tricular response. 
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downwardly  directed  in  all  leads.  We  did  one  experiment  upon  a  monkey 
(genus  Cercopithecus)  with  the  idea  of  obtaining  discordant  curves,  but  we 
were  disappointed  ;  section  of  the  right  division  produced  concordant  curves 
as  in  the  dog.     The  left  division  was  also  cut  and  complete  block  resulted. 

In  all  instances  in  which  attempts  had  been  made  to  cut  the  branches 
of  the  bundle,  the  heart  was  carefully  examined  post-mortem  and  drawings 
were  made  sliowing  the  relation  of  the  cuts  to  the  visible  conducting 
tracts.  In  every  experiment  in  which  permanent  right  or  left  branch  block 
was  obtained,  the  corresponding  bundle-division  was  found  to  have  been 
completely  divided.  We  did  not  study  our  material  histologically,  for  we 
felt  that  further  work  of  this  kind  was  unnecessary.  In  order  to  be 
certain  that  we  were  deaUng  with  complete  branch  block,  we  employed, 
in  some  instances,  a  functional  test  that  is  just  as  conclusive  as  liistological 
examination.  Having  obtained  what  appeared  to  be  complete  block  in 
one  branch  of  the  bundle,  we  cut  the  other  branch.  If  complete  heart- 
block  resulted,  and  if,  on  macroscopic  examination,  the  second  cut  was 
so  placed  as  to  make  injury  to  the  main  stem  of  the  bundle  improbable, 
we  regarded  the  proof  that  we  were  in  the  first  instance  dealing  with 
unilateral  block  as  complete. 

In  attempting  to  divide  the  left  division  of  the  bundle,  we  had 
considerable  difficulty  in  properly  placing  our  cuts,  and  in  ,><ome  instances 
minor  or  major  subdi\isions  of  this  branch  were  severed  while  the  main 
stem  was  not  injured.  These  lesions  sometimes  produced  conspicuous 
changes  in  the  form  of  the  electrocardiogram,  almost  invariably,  however, 
of  a  temporary  character  ;  complete,  or  nearly  complete,  recovery  eventually 
took  place.  These  temporary  changes  indicated  by  their  type  that  they 
were  due  to  interference  with  conduction  through  the  left  branch  as  a  whole 
(incomplete  left  branch  block)  and  not  to  injurj-  to  one  or  more  of  its 
subdivi.sions.  Such  changes  as  were  permanent,  and  could,  therefore, 
be  ascribed  to  section  of  the  subdivisions  of  the  left  division,  were  of  a 
minor  character,  and  were  not  accompanied  by  conspicuous  widening  of  the 
imtial  deflections.* 

In  one  instance  we  were  able  to  cut  all  those  subdivisions  of  the 
right  bundle  branch  which  bridge  the  ventricular  cavitj'  ;  the  resulting 
alterations  in  the  form  of  the  ventricular  complex  Mere  very  sUght.  In 
another  instance,  in  which  the  right  branch  had  already  been  divided,  we 
made  a  cut  on  the  left  side  that  severed  the  anterior  limb  of  the  left 
branch  near  the  anterior  papillary  muscle.     The  right  branch  block  curves 

*  The  temporary  changes  referred  to  often  persisted  for  a  half -hour  or  more.  We  are 
convinced  that  the  changes  in  the  form  of  the  electrocardiogram  whicli  follow  attempts  to  cut 
the  subdivisions  of  the  bundle-branches  must  be  inter[ireted  witli  great  caution.  An  insignificant 
injury  to  the  main  stem  of  one  of  tlie  chief  divisions  may  cause  a  suflioient  shift  in  the  time  relation 
of  levocardiograni  and  dextrocardiograni  to  greatly  modify  the  ventrieuhir  complex.  On  the 
other  hand,  it  is  surprising  to  what  an  extent  tlie  endocardial  surface  of  the  septum  may  be  incised 
and  lacerated  without  permanently  altering  the  form  of  the  ventricular  complex.  The  safest 
method  of  studjing  the  effect  of  lesions  of  the  subdivisions  of  the  bundle -branches  is  to  cut  one 
of  the  chief  divisions,  and  subsequently  the  subdivisions  of  the  uninjured  branch. 
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made  before  this  cut  were  of  the  concordant  type  (Fig.  27)  ;  those  made 
after  the  cut  were  of  the  discordant  type,  Q.R.S.  of  lead  /  was  upwardly 
directed,  and  T  was  negative.*  Tliis  result  is  in  accord  with  the  behef 
expressed  by  Lewis^  that  the  concordant  curves  of  the  dog  are  due  to 
short-circuiting  of  the  ventricular  cavity  by  free  strands  of  conducting 
tissue.     We  do  not,  of  course,  ^\•ish  to  lay  any  stress  on  a  single  experiment. 

Observationd  upon  notching  of  Q.R.S.  in  bundle  branch  block.  The  Q.R.S. 
of  left  bundle  bi'anch  block  and  of  right  ventricular  extra.systoles  is 
almost  invariably  divided  at  its  summit  in  axial  leads.  The  time  at  which 
the  second  peak  of  such  curves  appears  suggests  that  it  is  associated  with 
beginning  spread  of  the  excitation  wave  in  the  left  Purkinje  plexus. 
There  is  a  relation,  although  not  a  very  exact  one,  between  the  prominence 
of  this  second  peak  and  the  prominence  of  R'  of  the  levocardiogram  of  the 
same  animal.  It  seems  not  unUkely,  therefore,  that  the  second  peak  of  Q.  R.S. 
in  left  branch  block  is  actually  R'  of  the  levocardiogram  superimposed  upon 
the  dextrocardiogram. 

This  opinion  is  strengthened  by  observations  upon  the  behaviour  of 
the  second  peak  of  the  Q.R.S.  of  right  ventricular  extrasystoles  during 
such  transitions  as  that  shown  in  Fig.  25.  Complex  1  of  this  figure  is 
a  complete  right  ventricular  extr asystole,  and  its  Q.R.S.  is  characteristically 
double  peaked.  For  convenience  in  description  we  may  term  the  first  peak 
PD  and  the  second  peak  PL.  Complex  2  is  a  combination  of  the  extra- 
systolic  dextrocardiogram  and  the  normal  levocardiogram  ;  in  tliis  instance 
also,  Q.R.S.  is  divided  at  its  summit,  but  PD  and  PL  are  here  closer  together 
than  in  complex  1.  Complex  3  shows  a  still  closer  approach  of  the  two  peaks. 
In  all  three  complexes,  PD  bears  a  constant  relation  to  the  signal  (Table  III)  ; 
as  a  part  of  the  dextrocardiogram  it  follows  stimulation  of  the  right  ventricle 
by  a  definite  interval.  PL  does  not  bear  a  constant  relation  to  the  signal 
but  to  Pf  ;  it  is  a  part  of  the  levocardiogram.  Complexes  1,  2  and  3  are 
identical  in  form  up  to  the  point  at  which  PL  appears  ;  PL  is,  therefore, 
the  earliest  part  of  the  levocardiogram.  It  is  difficult  to  avoid  the  conclusion 
that  PL  is  actually  R'  of  the  levocardiogram. 

The  two  peaks  may  be  followed  farther.  In  complex  4  they  are 
superimposed  and  the  initial  deflection  of  this  complex  is,  consequently,  of 
greater  amplitude  than  the  initial  deflections  of  those  which  precede  it. 
In  complex  5,  PD  pTecedes  PL  and  notches  the  upstroke  of  Q.R.S.  In 
complexes  6  and  7,  the  two  peaks  cannot  be  distinguished  ;  but  in  complexes 
8,  9,  10  and  11  there  appears  a  thickening  of  the  upstroke  of  R,  which  signals 

*  There  was  also  an  increase  in  the  P-R  interval,  indicating  injury  to  the  left  branch  as  a 
whole. 

t  The  levocardiogram  of  complex  1  does  not  follow  P,  for  in  this  instance  the  left  ventricular 
muscle  is  activated  by  tlie  excitation  wave  that  crosses  tlie  septum  from  the  right  side.  Neverthe- 
less, the  levocardiogram  which  enters  into  the  formation  of  this  complex  must  be  of  the  same 
form  as  that  which  enters  into  the  formation  of  complexes  2  and  3  :  otherwise,  it  is  difficult 
to  explain  the  general  resemblance  of  the  three  complexes. 
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the  further  advance  of  PL.  In  complex  12,  the  two  peaks  are  again  easily 
distinguishable,  but  here  PL  is  the  first  and  PD  the  second  peak  ;  in 
complex  15,  the  peaks  are  widely  separated.  In  the  later  complexes,  the 
two  peaks  cannot  be  distinguished.  The  measurements  upon  which  our 
interpretation  of  Fig.  25  is  in  part  based  are  given  in  Table  III. 


TABLE    III. 
Interrah  of  Fig. 


Complex. 

p.  Bint. 
Secouds. 

S-n  Int. 
Seconds. 

S-PD*  Int. 
Seconds. 

1 

0047 

0031 

0047 

2 

0054 

0031 

0047 

3 

0052 

0026 

0041 

* 

0059 

0026 

0056t 

5 

0057 

0028 

0046 

6 

0069 

0028 

0052t 

7 

0081 

0033 

- 

8 

0084 

0027 

- 

9 

0084 

0032 

- 

10 

0085 

0024 

- 

11 

0085 

0017 

- 

12 

0085 

0012 

0040 

13 

0085 

0013 

0042 

U 

0081 

0008 

0041 

15 

0084 

0002 

0039 

16 

0082 

—0009 

0021t 

17 

0081 

—0010 

0021}: 

18 

0084 

—0009 

0022t 

19 

OOS.j 

—0011 

002G; 

From  complex  1  to  complex  15  the  change  in  outUne  from  complex  to 
comijlex  is  slight  ;  these  fifteen  complexes  appear  to  be  combinations  in 
varj-ing  time  relations  of  two  curves  (levocardiogram  and  dextrocardiogram) 

*  The  first  peak  of  complexes  1  to  6,  the  second  peak  of  complexes  12  to  15. 
t  These  complexes  have  but  one  peak  which  is  evidently  not  PD. 

i  \\l)at  appears  to  be  a  second  peak  in  these  complexes  does  not  bear  the  same  relation  to 
the  signal  as  the  second  peak  of  complexes  12  to  15.     It  is,  therefore,  not  PD. 
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wliich  are  essentially  the  same  in  form  throughout.*  But  in  complex  16, 
and  more  especially  in  complex  17,  a  new  element  seems  to  have  entered  the 
combination.  Complex  17  is  a  fully  developed  right  branch  block  complex, 
and  the  dextrocardiogram  which  enters  into  its  formation  appears  to  differ 
in  outline  from  the  dextrocardiogram  with  which  we  have  been  deaUng  in 
complexes  I  to  15.  The  deep  notch  of  this  complex  disappears  suddenlj', 
although  not  completely,  in  response  to  a  slight  change  in  the  time  relation 
of  the  signal  to  P.  Traces  of  this  notch  are  seen  in  complexes  16  and  18 
to  22,  but  in  no  complexes  which  precede  complex  16.  We  believe  that 
the  deep  notch  of  complex  17  represents  the  spread  in  the  right  ventricle 
of  the  excitation  wave  that  pierces  the  septum  from  the  left  side.  In 
complexes  16  and  18  to  22  the  right  ventricular  muscle  appears  to  have 
responded  in  part  to  this  excitation  wave,  and  in  part  to  the  stimulus  ; 
the  dextrocardiogram  of  these  complexes  is  a  combination  of  the  dextro- 
cartUogram  of  complex  17  and  the  extrasystolic  dextrocardiogram. 

Before  we  had  encountered  such  conspicuous  notoliing  of  Q.R.S.  in  right 
branch  block  as  that  shown  in  complex  17  (Fig.  25),  we  were  inclined  to 
believe  that  the  small  notch  which  frequently  occurs  on  the  final  limb  of 
Q.R.S.  in  this  condition  was  due  to  the  superimposition  of  Q'  of  the 
dextrocardiogram  uj^on  the  levocardiogram.  8uch  notches  are  difficult  to 
foUow  in  transitions,  for  they  usuallj^  disappear  at  once  when  the  time  relation 
of  levocardiogram  and  dextrocardiogram  is  changed  (Fig.  9).  We  cannot 
positively  assert  that  they  belong  either  to  the  levocardiogram  or  to  the 
dextrocardiogram  ;  the}^  seem  to  occur  at  the  point  where  the  latter  begins 
to  be  superimposed  upon  the  former. 


Theory  of  the  T  deflection. 

The  studies  of  Lewis  and  his  collaborators"^-^'"' upon  the  sj^read  of  the 
excitation  wave  in  the  heart  have  given  us  an  analysis  of  Q.R.S.  The 
cause  and  the  mode  of  origin  of  the  final  deflection  of  the  electrocardiogram 
is  still  uncertain,  the  necessary  data  for  the  analysis  of  T  are  still  missing. 
Of  the  several  hj^potheses  that  have  been  advanced  to  explain  this  deflection, 
that  which  has  gained  the  most  adherents  attributes  T  to  the  dechne  of  the 
excited  state  in  the  ventricular  muscle." 

It  is  conceived  that  the  absolute  electrical  potential  of  anj'  muscle 
element  during  its  active  period  may  be  represented  by  some  such  curve  as 
.4  i)CZ)  of  Fig.  3.  This  curve  may  be  divided  into  three  parts  :  ^45,  a  stage 
of  increasing  negativity  ;  BC,  a  stage  of  maintained  negativity  ;  and  CD, 
a  stage  of  diminishing  negativitj'. 

*  The  early  portions  of  these  curves  are  identical  throughout,  but  the  later  portions  of  the 
one  which  precedes  the  other  are  deformed.  The  greater  the  interval  by  which  one  excitation 
wave  precedes  the  other,  the  greater  the  mass  of  muscle  to  which  it  spreads. 
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.  3.  7?.*>.— Strip  of  licnrt  muscle.  Z. — Right-hand  electrode.  C. — Left-hand  electrode. 
A  BCD. — H\'j>othetical  time-course  of  the  potential  of  the  muscle  under  Z.  A'B'C'D'. — 
Hypotl\etical  time-course  of  the  potential  of  the  muscle  vinder  C.  IF. — Tlieoretical 
electrogram  obtained  when  the  muscle  RS  is  stimulated  at  R. 


The  string  galvanometer  does  not  record  the  absolute  potential  of  one 
point  but  the  difference  of  potential  between  two  points.  If  we  place  the 
galvanometer  electrodes  directly  upon  a  strij)  of  uninjured  heart  muscle  {RS) 
and  represent  the  potential  changes  of  the  muscle  under  the  right-hand  or 
Z-electrode  by  the  first  curve  (  A  BCD)  of  Fig.  3,  then  we  may  rej^resent  the 
potential  changes  of  the  muscle  under  the  left-hand  or  C-electrode  by  a 
second  curve  {A'B'C'D')  of  the  same  form  as  the  first,  but  separated  from 
it  by  a  time-interval  ( .4  A')  equal  to  the  time  taken  by  the  excitation  wave 
to  traverse  the  muscle  between  the  electrodes. 

If,  then,  the  muscle  RS  be  stimidated  at  the  end  covered  by  the 
2-electrode,  the  curve  obtained  by  subtracting  the  ordinates  of  curve 
A'B'C'D'  from  the  ordinates  of  curve  A  BCD  will  express  the  difference  in 
potential  between  the  ends  of  the  muscle  during  its  active  period,  and, 
consequently,  will  be  identical  with  the  recorded  electrogram. 
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In  this  curve  ( IF)  there  arc  two  deflections  ;  the  initial  deflection  ( /) 
is  upward,  and  is  produced  by  unbalanced  negativity  under  the  Z-clectrode 
during  the  period  of  activation  ;  the  final  deflection  (F)  is  downward,  and 
is  produced  by  unbalanced  negativity  under  the  C'-electrode  during  the 
period  of  deactivation.  The  duration  of  the  initial  deflection  is  equal 
to  the  time  taken  by  the  excitation  process  to  advance  from  the  2-electrode 
to  the  C'-electrode  plus  the  time  intervening  between  beginning  negativity 
under  the  C-electrode  and  its  full  development.  The  duration  of  the  final 
deflection  {F)  is  equal  to  the  time  taken  by  the  excitation  process  to  retreat 
from  the  Z-electrode  to  the  C-electrode  plus  the  time  intervening  between 
beginning  loss  of  negativity  and  complete  loss  of  negativity  under  the 
latter. 

The  elcrtrocfinlior/nnn  (as  opposed  to  the  electrogram^)  is  not  obtained 
by  placing  the  galvanometer  electrodes  directly  upon  the  heart,  and  is  not, 
therefore,  the  expression,  as  is  the  theoretical  curve  just  described,  of  the 
difference  of  potential  between  two  circumscribed  muscle  masses.  Neverthe- 
less, it  is  true  that  Q.R.S.  of  the  electrocardiogram  is  produced  by  forces 
which  are  similar  in  origin  to  those  that  give  rise  to  the  initial  deflection  of 
the  curve  IF,  and  it  is  believed  that  T  is  similar  in  origin  to  the  final  deflection 
of  tliis  curve. 

In  comparing  T  to  the  final  deflection  of  the  curve  IF,  certain 
assumptions  made  in  drawing  Fig.  3  should  be  borne  in  mind.  Curve  A  BCD 
was  drawn  arbitrarily.*  The  first  portion  ( AB)  was  made  a  steep  upstroke 
in  accordance  with  the  knowledge  that  the  relative  negativity  of  muscle 
that  is  passing  into  the  active  state  develops  very  quickly.  The  second 
horizontal  portion  (BC)  assumes  that,  for  a  period  of  its  activity,  a  muscle 
element  remains  at  the  same  potential  ;  there  is  no  evidence  indicating 
whether  tliis  is  or  is  not  true.*  The  third  portion  {CD)  was  made  a  gradual 
decline  in  order  to  account  for  the  long  duration  of  T  as  compared  with 
the  short  duration  of  Q.R.S.  Curves  A  BCD  and  A'B'C'D'  were  made 
identical  in  form  ;  that  is,  we  assumed  that  all  parts  of  a  muscle  remain  in  the 
excited  state  the  same  length  of  time  and  that  during  tliis  time  they  pass 
through  exactly  the  same  phases  of  activity  in  the  same  relation  to  each 
other.  In  drawing  these  curves  of  the  same  amphtude,  we  assumed  further 
that  the  forces  developed  under  the  two  electrodes  are  of  the  same 
magnitude. 


*  The  first  curve  of  this  form  was  drawn  by  Sanderson  and  Paee."  It  was  based  upon  the 
monophasic  curve  obtained  when  the  palvanometer  electrodes  are  placed  directly  ujjon  the  frog's 
heart'-  ■  tlie  Z-electrode  upon  an  uninjured  spot  and  the  f '-electrode  upon  a  spot  injured  by  heat. 
It  is  quite  generally  agreed  by  physiologists'  that  this  monophasic  cur\e  represents  the  electrical 
activity  of  the  muscle  imder  the  Z-electrode.  We  have  not  been  able  to  find  published  monophasic 
curves  obtained  by  this  method  from  the  mammalian  lieart,  but  they  might  be  expected  to 
resemble  those  obtained  from  the  heart  of  the  frog  in  general  outline.  We  have  avoided  intro- 
ducing conclusions  based  upon  the  curves  obtained  by  direct  leads,  because  we  feel  that  the 
factors  that  determine  their  form  are  as  yet  imperfectly  understood,  and  have,  \mtil  recently, 
been  little  appreciated." 
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Edalions  between  the  form  of  T  and  the  form  of  Q.R.S.  and  between  the  R-T 
interval  and  the  Q.R.S.  interval. 

If  the  T  deflection  is  produced  by  the  decline  of  the  excited  state  in  the 
ventricular  muscle,  and  if  all  portions  of  the  ventricular  muscle  remain  in  the 
excited  state  for  the  same  length  of  time,  there  should  be  a  definite  relation, 
for  any  given  heart,  between  the  form  of  T  and  the  form  of  Q.R.S. ;  for  the  order 
in  which  the  various  regions  of  the  ventricular  muscle  pass  into  the  excited 
state  will  determine  the  order  in  which  they  pass  out  of  the  excited  state. 

That  there  is  some  relation  between  the  form  of  Q.R.S.  and  the  form 
of  T  will,  we  believe,  be  admitted  by  everyone  who  has  had  occasion  to 
study  many  electrocardiographic  curves.  But  that  there  is  a  very  exact 
relation  of  this  kind  in  tlie  curves  taken  in  a  single  lead  from  a  single  heart, 
we  did  not  fully  rcahse  until  we  began  to  combine  the  levocardiogram 
and  dextrocardiogram  experimentally.  In  Fig.  10,  it  will  be  seen  that 
ever}'  change  in  Q.R.S.  is  accompanied  bj'  a  corresponding  change  in  T  of 
opposite  sign.  In  the  early  complexes  of  this  figure,  Q.R.S.  is  upright  and  of 
large  amphtude  :  T  is  negative  and  of  corresponchngly  great  amphtude. 
As  Q.R.S.  becomes  shorter,  T  becomes  less  negative,  and  wlien  the  chief 
deflection  of  Q.R.S.  becomes  negative,  T  becomes  positive.  The  same 
relation  of  T  to  Q.R.S.  is  shown  in  Figs.  9  and  25.  Now  the  form  of  Q.R.S. 
is  determined  by  the  order  and  threction  in  wliicli  various  regions  of  the 
ventricular  muscle  are  activated.  Assuming  that  T  is  produced  by  the 
decline  of  the  excited  state,  then  the  relation  displayed  between  the  form  of  T 
and  the  form  of  Q.  R.S.  would  seem  to  indicate  that  the  order  of  deactivation 
is  the  same  as  the  order  of  activation,  but  that  the  forces  produced  by  the  two 
processes  are  oppositely  directed.  If  one  part  of  the  ventricular  muscle 
remained  in  tiie  excited  state  a  considerably  longer  time  than  other  parts, 
the  relation  that  exists  between  the  form  of  T  and  the  form  of  Q.R.S.  would 
be  difficult  to  exijlain. 

The  assumption  that  the  duration  of  the  excited  state  is  uniform 
througliout  the  ventricular  muscle  may  be  tested  in  anotlier  way.  If  one 
region  remains  in  the  excited  state  longer  than  all  other  regions,  the  R-T 
interval  should  depend  to  some  extent  upon  whether  this  region  is  activated 
early  or  late,  and,  therefore,  upon  the  form  of  Q.R.S.  If,  on  the  other 
hand,  the  duration  of  the  excited  state  is  the  same  for  all  parts  of  the 
ventricular  muscle,  the  R-T  interval  should  be  equal  to  the  Q.R.S.  interval 
plus  a  constant.  In  other  words,  everj-  change  in  the  Q.R.S.  interval 
should  be  accompanied  by  a  corresponding  change  in  the  R-T  interval  in 
spite  of  simultaneous  changes  in  the  form  of  Q.R.S.  The  Q.R.S.  intervals 
and  the  R-  T  intervals  of  Fig.  10  are  given  in  Table  IV. 

It  ^^^ll  be  seen  that  there  is  a  relation  between  the  Q.R.S.  interval  and 
the  R-T  interval;  \nth  one  minor  exception,  each  increase  or  decrease  of 
the  former  is  accompanied  by  a  corresponding  increase  or  decrease  in  the 
latter.  Nevertheless,  the  changes  in  the  Q.R.S.  interval  are  not  numerically 
equal  to  the  changes  in  the  R-T  interval,  and  if  we  compare  complex  1  in 
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TABLE    IV. 
Q.  U.S.  intervals  and  R-T  inlenaU  oj  Ficj.  10. 


Complex. 

Q.R.S.  Int. 
Seconds. 

iJ-rint. 
Seconds. 

Change  in 

Q.R.S.  Int. 

Seconds. 

Oionee  in 
R  T  Int. 
Seconds. 

1 

0067 

0-238 



- 

2 

0048 

0-216 

—0-019 

—0022 

3 

0043 

0-208 

—0-005 

—0008 

4 

0049 

0-210 

0-006 

0002 

5 

0073 

0-226 

0-024 

0016 

6 

0078 

0-224 

0-005 

—0002 

which  Q.R.S.  is  positive  with  complex  6  in  which  Q.R.S.  is  negative,  we  find 
that  although  the  Q.R.S.  interval  of  the  former  is  0-011  .^lecoiul  shorter  than 
the  Q.R.S.  interval  of  the  latter,  its  R-T  interval  is  0-014  second  longer. 
There  is  some  difficulty,  of  course,  in  locating  the  end  of  Q.R.S.  and  the 
end  of  T  accurately,  and  fiu-thermore,  the  R-T  interval  varies  sUghtlj'  even 
when  the  cardiac  mechanism  is  constant.  We  have  measured  other  curves  of 
the  same  type  as  Fig.  10.  and  the.se  showed  a  similar  relation  between 
the  Q.R.S.' and  R-T  intervals  to  that  shown  in  Table  IV.  We  beheve 
that  these  results  indicate  that  there  may  be  a  difference  in  the  duration 
of  the  excited  state  in  different  regions,  but  if  .*o,  it  is  not  of  high  degree. 

The  refractory  period  of  the  heart  in  bundle  branch  block. 

In  order  to  obtain  more  certain  evidence  upon  the  uniformity  of  the 
duration  of  the  excited  state  in  different  regions,  we  determined  the  time 
at  which  the  refractory  period  ends  at  various  jDoints  on  the  ventricular 
surface,  and  compared  the  order  in  which  various  regions  of  the  ventricular 
muscle  pass  out  of  the  refractory  state  with  the  order  in  which  they  are 
known  to  become  active. 

By  the  method  of  rhythmic  stimulation  previousl}'  described,  we  were 
able  to  place  stimuli  in  all  jiarts  of  the  carcbac  cj-cle.  When  the  rate  of 
stimulation  is  just  a  httle  slower  than  the  heart  rate,  each  stimulus  falls 
a  little  later  in  the  cardiac  cycle  than  its  predecessor.  If  we  begin  ^^ith 
a  stimulus  that  falls  in  the  refractory  period,  each  succeeding  stimulus 
falls  nearer  the  end  of  this  period  until  finally  a  response  occurs.  The  end 
of  the  refractor}^  period*  of  the  point  tested  is  then  known  to  fall  later  in 

*  The  length  of  the  refractory  period  depends  to  a  certain  extent  upon  the  strength  of  the 
stimulus  :  the  refractory  period  to  a  weak  stimulus  is  longer  than  that  to  a  strong  stimulus. 
If  the  strength  of  the  stimulus  i.s  graduallj'  increased,  however,  a  ]ioint  is  reached  beyond  which 
a  further  increase  in  the  stimulus  produces  no  change  in  the  refract  orj-  period.  Tlie  period  during 
which  no  response  can  be  produced,  whatever  the  strength  of  the  stimulus,  is  called  tl;e  absolute 
refractory  period.'  In  our  experiments,  we  used  strong  stimuli  in  order  to  avoid  possible efiects 
of  slight  variations  in  the  strength  of  the  stimulus. 
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the  heart  cycle  than  the  latest  stimulus  that  fails  to  produce  a  response 
and  earlier  than  the  earliest  stimulus  that  produces  a  response.  By 
adjusting  the  rate  of  stimulation  wdth  sufficient  care  and  by  multiplying 
the  number  of  records  taken,  the  point  in  the  heait  cycle  at  which  the 
refractory  period  ends  may  be  determined  as  accurately  as  is  desiral)le. 

It  is  obviously  easier  by  the  method  described  to  determine  great 
differences  in  the  refractory  period  of  different  regions  than  small  differences. 
We  began  our  experiments,  therefore,  upon  animals  in  which  bundle  branch 
block  had  been  produced.  Fig.  11  illustrates  the  method.  The  right 
branch  of  the  bundle  was  cut.  The  top  curve  shows  the  effect  of  rhythmic 
stimulation  of  the  apex  of  the  left  ventricle  ;  the  refractory  period  ended 
between  01 65  and  0179  second  after  Q.  The  bottom  record  shows  the 
effect  of  rhythmic  stimulation  of  the  conus  of  the  right  ventricle  ;  the 
refractory  period  ended  between  0-200  and  0-210  second  after  Q. 

It  was  our  desire  in  these  exjieriments  to  compare  the  refractory  period 
of  points  on  the  surface  of  the  right  ventricle  with  the  refractory  period 
of  points  on  the  surface  of  the  left  ventricle.  In  order,  therefore,  to 
avoid  the  effect  of  changes  in  heart  rate  and  other  factors  which,  being 
known  to  affect  the  duration  of  the  excited  state,  probably  also  influence 
the  duration  of  the  refractory  period,  we  usuallj?  tested  two  jioints,  one 
on  the  surface  of  each  ventricle,  in  quick  succession.  It  is  for  this  reason 
that,  in  the  tables  given,  we  have  arranged  the  determinations  in  the  order 
in  wliich  they  were  made.  Determinations  upon  right  and  left  ventricular 
points  which  bear  the  same  or  consecutive  curve  numbers  were  made  as  close 
together  as  possible,  and  are  of  more  value  for  comparison  than  determinations 
separated  by  greater  intervals. 


Experiment 


The  results  of  exi)criment  12  are  given  in  Table  V. 


T.\BLE 

V. 

Expcrimoil  12.      night  b 

mdle  branch  block. 

Region  tested. 

Seconds 

after  Q. 

No.   of  curve. 

Earliest 

Latest 

effective 

ineffective 

stimulus. 

stimulas. 

1288 

R. 

conus 

0-219 

0-1895 

1288 

L. 

apex 

-  1              0174 

0-151 

1289 

R. 

conus 

0-210 

0-200 

1289 

L. 

apex 

0-179 

01 65 

1290 

R. 

conus 

— 

0-203 

1290 

L. 

apex 

0-181 

— 

1294 

R. 

trabeculated  area    ■ 

0-1675 

0-160 

1295 

R. 

conus 

0-185 

1295 

L. 

apex 

0168 

0154 

1205 

R. 

trabeculated  area    ■ 

0-174 

0-153 

254 


N.     WILSON     AND     G.     R.     H  E  R  U  M  A  N  N  . 


The  names  used  in  tlie  second  column  (Table  V)  to  designate  various 
regions  are  those  employed  by  Lewis^  ;  the  location  of  each  region  referred  to 
is  shown  in  Fig.  4.  \\'c  give  for  each  point  tested  the  intervals  by  which 
the  earliest  stimulus  that  i)roduced  a  response,  and  the  latest  stimulus  that 
failed  to  produce  a  response,  followed  some  chosen  point  of  Q.R.S.  The 
earliest  eflFective  stimulus  and  the  latest  ineffective  stimulus  could  usually 


-# 


^ 


Fig.  4.  Outline  drawing  of  tlie  anterior  surface  of  tlie  heart  of  Dog  15.  Black  dots  indicate 
points  tested.  Numbers  above  dots  are  curve  numbers.  Numbers  to  the  right  of  dots 
indicate  the  intervals  by  which  the  earliest  effective  stimulus  (if)  and  the  latest  ineffective 
stimulus  {F)  followed  the  peak  of  if'.  Small  dra%ring  on  the  right  shows  the  location  of  the 
cut  with  reference  to  the  right  division  of  the  His-bundle. 


be  identified  on  inspection  of  the  curves  by  the  relation  of  the  signals  to  the 
apex  of  T.  In  some  instances  only  one  measurement  is  given  ;  in  such 
cases  the  earliest  effective  stimulus  or  the  latest  ineffective  stimulus 
obviously  fell  so  far  from  the  end  of  the  refractory  period  that  the  second 
measurement  would  have  been  of  no  value. 

Table  V  shows  that  in  experiment  12  (right  branch  block)  the  refractory 
period  of  points  on  the  right  conus  outlasted  the  refractory  period  of  points 
on  the  left  apex  by  between  002  and  003  second.  The  trabeculated  area 
recovered  its  excitability  little  if  any  later  than  the  left  apex. 
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Experiment  15  (right  branch  l>Iock)  is  summarised  in  Table  VI. 


T.\BLE    VI. 

I-: 

rperinmit  15.     Sight  bundU  branch  bhrk. 

Region  tested. 

Seconds  after  peak  of  R'. 

No.  of  curve. 

Earliest 
effective 
stimulus. 

Latest 
ineffective 
stimulus. 

1-)14 

L. 

apex 

0146 

0133 

l.-illl 

L. 

apex  (deep  layers)  - 

0135 

01 44 

1517 

R. 

conus 

0192 

0189 

151S 

R. 

trabeculated  area*  - 

0157 

0136 

1519 

R. 

trabeculated  area   - 

0152 

0137 

1520 

R. 

central  region 

0175 

0166 

1521 

R. 

.4-  V  border 

0176 

- 

1522 

L. 

anterior  suiface 

0153 

0129 

152.3 

R. 

A-  V  border 

0160 

l.i2r, 

L. 

apex  (deep  layers)  ■ 

0121 

— 

I"'-'' 

'■ 

apex  (deep  layers)  - 

01 2S 

- 

The  location  of  the  points  tested  is  shown  on  an  outUne  drawing  of  the 
anterior  surface  of  the  heart  sketched  at  the  time  of  the  experiment  (Fig.  4). 
The  conus  recovered  about  004  second  later  than  the  left  apex.  The  right 
central  region  and  the  right  A-  V  border  recovered  about  002  to  003 
second  later  than  the  left  apex.  The  trabeculated  area  and  the  left  apex 
recovered  at  about  the  same  time.  In  this  experiment  we  also  tested  the 
deeper-  layers  of  the  apical  muscle  ;  the  platinum  points  were  thrust  into 
the  apex  to  a  dei^th  of  8  mm.,  and  it  was  found  that  at  this  depth  the 
refractory  period  ended  between  001  and  002  second  earher  than  at  the 
surface  in  the  same  region.  It  wiU  be  noted  that  the  figiu-e  for  the  latest 
ineffective  stimulus  of  curve  1516  is  great€r  than  the  figure  for  the  earliest 
effective  stimulus.  Discrepancies  of  tliis  kind  occasionally  occurred ; 
their  cause  is  unknown  to  us.  In  this  particular  instance  the  curves  were 
developed  as  soon  as  they  were  made  and  the  di.screpancy  was  noted.  The 
deeper  laj-ers  of  the  apex  were  tested  a  second  time  (1526),  and  the  result 
showed  that  the  figure  for  the  earUest  effective  stimulus  of  curve  1516  is 
correct. 


*  Tlie  location  of  this  point  is  shown  in  Fig.  4,     ITie  complexes  obtained  were  of  the  right 
ventricular  type. 


256       F.     y.     WILSON     AND     G.     R.     HERRMANN. 
Experiment  16  is  summarised  in  Table  ^'II. 


TABLE   VII. 

Experiment   16. 


ve. 

Region  tested. 

Seconds 

after  R'. 

Xo.  of  cur 

Earliest 
effective 
stimulus. 

Latest 
ineffective 
stimulus. 

Left  buwlh 

branch 

block. 

1038 

>• 

conus 

0178 

0-160 

1639 

1     L. 

1 

apes 

0-215 

0-1905 

1642 

R. 

conus 

0104 

0-148 

1043 

L. 

apex- 

0-197 

0-188 

1044 

R. 

central  region 

0-104 

0-152 

1045 

R. 

trabeculat«d  area   - 

0-153 

0140 

1646 

L. 

ajjex 

0-185 

0-181 

1647 

R. 

conus         - 

0-109 

0-1525 

Highl  buinlle  b>anch 

block. 

16.52 

R. 

conus 

0-196 

0170 

1053 

L. 

ai>ex 

0-160 

0152 

1054 

R. 

conus         - 

0-177* 

0-168 

1055 

L. 

apex- 

0-165 

0-143 

1056 

R. 

central  region 

- 

0-186 

1657 

L. 

apex  fdeep  laj-ers)  - 

0-150 

0-141 

Ifi.-.S 

H. 

trabeculated  area    - 

0  174 

(ii(;i5 

In  this  experiment  we  attempted  to  cut  the  left  branch  of  the  bundle, 
and  left  branch  block  resulted.  It  persisted  sufiScienth'  long  for  the 
examination  of  a  number  of  points,  and  then  recovery  took  place.  We 
then  cut  the  right  branch  of  the  bundle  and  re-examined  the  points 
previously  tested. 

While  left  branch  block  was  present,  the  surface  of  the  right  ventricle 
recovered  in  advance  of  the  surface  of  the  left.  The  right  conus  recovered 
about  0-03  second  in  advance  of  the  left  apex.  The  trabeculated  area 
appeared  to  recover  a  little  earher  than  the  conus. 

*  This  figure  should  probably  appear  in  the  other  column.     Right  ventricular  extrasystoles 
were  occurring  spontaneously  when  this  curve  was  made. 
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While  right  branch  block  was  present,  the  surface  of  the  left  ventricle 
recovered  in  advance  of  the  surface  of  the  right.  If  we  disregard  the  figure 
0-177  for  the  earliest  effective  stimulus  of  curve  1654  (for  the  reason  stated 
in  the  table  this  figure  is  probably  incorrect)  the  conus  region  and  the  right 
central  region  recovered  002  or  003  second  later  than  the  left  apex.  The 
trabeculated  area  recovered  at  about  the  same  time  as  the  apex.  The 
deeper  layers  of  the  apex  (8  mm.  deep)  recovered  at  least  001  second  earlier 
than  the  surface  layers. 

Experiment  17  is  summarised  in  Table  V'lII. 


TABLE    VJII. 

Experiment   17. 


No.  of  curve. 


Lejl  bundle  branch    block: 

1705  H.  conus 


17G5 
17G7 


L.  ape.\ 
L.   ajiox 


liiijlu  bundle  branch  block.* 

1770  L.   apex 

1770  R.  conus 

1772  !     R.  central  region 

1773  L.  apex  (deep  layers) 


1774 


Earliest 
effective 
stimulus. 


0133 
0137 


Latest 
ineffective 
stimulus. 


01 1)0 

015'J 

01 50 

0145 

0-128 

- 

0-150 

- 

0-1G2 

0114 

- 

0137 

_ 

In  this  experiment  also  the  cut  on  the  left  side  of  the  septum  produced 
temporary  left  branch  block.  The  left  branch  recovered  completely,  and 
we  were  able,  therefore,  to  obtain  right  branch  block  as  well  as  left.  In  this 
instance  the  free  strands  of  the  right  branch  that  bridge  the  ventricular  cavity 
were  cut  as  well  as  the  main  stem  of  this  division.  The  results  obtained  are 
similar  to  those  of  experiment  16.  While  left  branch  block  was  present, 
the  right  conus  recovered  in  advance  of  the  left  apex.     Wliile  right  branch 


*  In  this  experiment  the  free  strands  of  the  right  branch  which  bridge  the  ventricular  cavity 
were  cut  as  well  as  the  main  stem  of  the  right  branch. 
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block  was  present,  the  relation  of  these  regions  was  reversed.     The  deeper 
layers  of  the  apex  (8  ram.  deep)  recovered  in  advance  of  tlie  surface  layers. 

Relation  of  the  end  of  the  refractory  period  to  T.  The  measurements 
given  in  Tables  V,  VI,  VII  and  VIII  show  numerically  the  order  in  which 
various  regions  of  the  anterior  surface  of  the  ventricles  pass  out  of  the 
refractory  .state,  but  they  do  not  indicate  the  relation  of  the  earliest  effective 
stimulus  to  the  jjhases  of  T,  a  relation  which  is  one  of  the  most  striking 
features  of  the  records. 

In  right  branch  block  T  is  positive.  When  the  surface  of  the  left 
ventricle  was  stimulated,  the  earUest  effective  stimulus  fell  very  close  to 
the  apex  of  T.  When  the  surface  of  the  right  ventricle  was  stimulated, 
the  earliest  effective  stimulus  fell  near  the  end  of  T.  When  the  deeper 
layers  of  the  left  apex  were  stimulated,  the  earliest  effective  stimulus 
preceded  the  apex  of  T  ;  often  by  a  considerable  interval. 

In  left  branch  block  T  is  negative.  When  the  right  ventricle  was 
stimulated,  the  earhe^t  effective  stimulus  fell  near  and  usually  preceded 
the  point  of  greatest  negativity.  Wlien  the  left  ventricle  was  stimulated, 
the  earliest  effective  stimulus  fell  on  the  final  limb  of  T  and  usuallj-  near 
its  end. 

Simultaneous  stimulation  of  two  2)oints.  Tlie  method  of  comparing  the 
refractory  period  of  right  and  left  ventricular  points,  already  described, 
has  certain  disadvantages.  If  the  heart  rate  is  not  constant,  it  is  cUfiicult 
to  adjust  the  rate  of  stimulation  so  as  to  determine  the  refractory  period 
within  narrow  Umits  mthout  taking  a  large  number  of  records.  Furthermore, 
an  interval  elapses  between  the  testing  of  one  point  and  the  testing  of  the 
point  with  wliich  it  is  to  be  compared,  and  during  this  interval  changes 
in  heart  rate  or  other  factors  may  affect  the  length  of  the  refractory 
period.  To  overcome  these  difficulties  we  adopted  a  shghtly  different 
method  in  our  later  experiments.  Two  electrodes  were  attached  to  the 
induction  coil  instead  of  one,  and  the  two  points  to  be  compared  were 
stimulated  simultaneou.sly.  The  two  electrodes  were  identical  in  form  ; 
separation  of  the  platinum  points,  and  other  particulars.  The  usual 
procedure  was  as  follows  :  One  electrode  was  placed  on  the  surface  of  the 
right  ventricle  and  a  curve  was  taken  ;  without  removing  this  electrode 
the  second  electrode  was  placed  on  the  surface  of  the  left  ventricle  and 
a  second  curve  was  taken  ;  and  finally,  the  first  electrode  was  removed, 
the  second  being  allowed  to  remain,  and  a  third  curve  was  taken.  The  first 
and  third  records  were  made  for  the  purpose  of  determining  the  form  of  the 
ventricular  complex  produced  by  stimulation  of  each  of  the  two  points  to 
be  compared.  Most  of  the  extrasystohc  comi^lexes  of  the  second  record  were 
of  combination  form  ;  they  were  produced  by  the  algebraic  summation  of  the 
extrasystohc  dextrocardiogram  and  the  extrasystohc  levocardiogram.  The 
earliest  effective  stimulus,  however,  usually  found  one  of  the   two   points 
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still  in  the  refractory  state  ;  if  the  right  ventricular  point  recovered  first, 
the  resulting  ventricular  complexes  was  of  the  same  form  as  the  extra- 
systolic  complexes  of  the  first  curve  of  the  series  ;  if  the  left  ventricular 
point  recovered  first,  the  resulting  ventricular  complex  was  of  the  same 
form  as  the  ventricular  complexes  of  the  last  curve  of  the  series. 

Fig.  13  (Exp.  IS)  illustrates  the  method.  Right  bundle  branch  block 
was  present.  The  top  curve  shows  the  effect  of  rhythmic  stimulation  of  the 
conus  region  ;  the  earhest  effective  stimulus  fell  near  the  end  of  T.  The 
middle  curve  shows  the  effect  of  rhythmic  stimulation  of  the  left  apex  ; 
the  earhest  effective  stimulus  fell  near  the  apex  of  T.  The  bottom  curve 
shows  the  effect  of  simultaneous  stimulation  of  conus  and  apex  ;  the 
earliest  effective  stimulus  fell  near  the  apex  of  T  and  produced  a  complex 
identical  in  form  \\'ith  that  obtained  by  stimulation  of  the  apex  alone.  All 
later  stimuU  produced  complexes  of  combination  form.  This  curve 
confirms  the  conclusion  that  the  apex  recovered  in  advance  of  the  conus 
in  a  very  graphic  way. 

It  should  be  pointed  out  that,  even  when  a  single  point  is  stimulated, 
the  complex  that  follows  the  earhest  effective  stimulus  differs  shghtly  in 
form  from  those  that  foUow  later  stimuli  (Fig.  13)  ;  it  is  usually  of  greater 
amplitude  as  regards  both  Q.R.S.  and  T.  The  mechanical  response  which 
follows  the  earhest  effective  stimulus  is  said  to  be  also  of  unusually  large 
amphtude,  and  this  has  been  attributed  to  an  especially  favourable  H-ion 
concentration  at  this  point  in  the  heart  cycle.  There  is,  of  course, 
no  definite  relation  between  the  amplitude  of  the  mechanical  response  and 
the  amplitude  of  the  electrocarchographic  deflections.  The  differences  in 
form  between  the  complex  of  the  earhest  forced  cycle  and  the  complexes  of 
later  forced  cycles  makes  it  desirable  to  test  each  of  the  chosen  points 
separately  before  stimulating  them  simultaneously. 

Other  illustrations.  Fig.  16  shows  the  effect  of  simultaneous  stimulation 
of  the  right  central  region  and  the  left  apex  in  left  branch  block  ;  the  earhest 
effective  stimulus  produced  a  right  ventricular  extrasystole  ;  later  stimuU 
produced  combined  complexes. 

In  this  experiment  (22)  we  were  able  to  obtain  both  left  and  right 
branch  block  ;  while  the  former  was  present,  the  right  central  region 
recovered  in  advance  of  the  left  apex  (3rd  curve  of  Fig.  IG)  ;  while  the  latter 
was  present,  comparison  of  the  same  two  regions  showed  that  the  left  apex 
recovered  first  (4th  curve  of  Fig.  16). 

The  method  of  simultaneous  stimulation  ma}'  also  be  used  to  determine 
the  interval  by  which  one  point  precedes  the  other  in  recovery.  In  Exp. 
23  (left  branch  block)  simultaneous  stimulation  of  the  right  central  region 
and  the  left  apex  showed  that  all  stimuh  that  fell  between  01 807  and 
0-2394  second  after  Q'  produced  right  ventricular  extrasystoles.  We  con- 
clude, therefore,  that  the  right  central  region  recovered  nearly  006  second 
earlier  than  the  left  ajiex. 
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A  summary  of  tlie  results  obtained  by  simultaneous  stimulation  of  right 
and  left  ventricular  points  in  right  and  left  branch  block  is  given  in 
Table  IX. 

TABLE    IX. 

Results  of  simultaneous  stimulation  of  right  and  left  ventricular  points  in  bundle  branch 
block. 


No.  of 
experiment. 

Bundle 
injured. 

Location  of 

right  vent. 

point. 

Location    of 

left  vent. 

point. 

Point  that 
recovered  first, 
right  or  left. 

18 

Right 

Central  region 

Apex 

Left 

19 

Left 

Central  region 

Apex 

Right 

21 

Right 

Central  region 

Apex 

Left 

21 

Right 

Trabecujated  area 

Apex 

Right 

22 

Right 

Central  region 

Apex 

Left 

22 

Left 

Central  region 

A^ex 

Right 

23 

Left 

Central  region 

Apex 

Right 

30 

Right 

Central  region 

Apex 

Left 

30 

Right 

Trabeculated  area 

Apex 

Left 

It  will  be  seen  that  in  all  instances  excej^t  one  tlie  point  on  the  side  on 
wliich  the  bundle  branch  was  injured  recovered  later  than  the  point  on  the 
opposite  side  with  which  it  was  compared.  The  single  exception  occurred 
in  experiment  21  ;  in  tliis  instance  the  trabeculated  area  recovered  in  advance 
of  the  left  apex,  although  the  right  branch  was  cut.  We  have  already  pointed 
out  that  the  trabeculated  area  recovers  early  in  right  branch  block. 

Summary  of  branch  block  experiments.  In  right  branch  block  the  anterior 
surface  of  the  left  ventricle  passes  out  of  the  refractor}-  state  002  to  004 
second  in  advance  of  the  anterior  surface  of  the  right  ventricle.  The 
trabeculated  area  passes  out  of  the  refractory  state  at  about  the  same  time 
as  the  surface  of  the  left  apex.  The  deeper  layers  of  the  left  apex  pass  out 
of  the  refractorj-  state  in  advance  of  the  surface  laj'ers.  The  left  ventricular 
surface  passes  out  of  the  refractory  state  at  about  the  time  that  the  apex 
of  T  is  written.  The  right  ventricular  surface  does  not  recover  its  excitability 
until  T  is  nearly  complete. 

In  left  bundle  branch  block  the  surface  of  the  right  ventricle  recovers 
its  excitability  002  to  006  second  in  advance  of  the  surface  of  the  left 
ventricle.  The  right  ventricular  surface  passes  out  of  the  refractory  state 
at  about  the  time  that  T  reaches  its  point  of  greatest  negativity  ;  the  left 
ventricular  surface  does  not  recover  until  T  is  nearly  complete. 


Refractory  period  of  the  heart  when  the  cardiac  mechanism  is  normal. 

When  we  began  to  study  the  refractory  period  of  the  normally  beating 
heart,  as  we  had  previouslj-  studied  the  refractory  period  in  bundle  branch 
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block,  we  soon  discovered  that  the  differences  in  the  times  of  recovery  of 
various  regions  were  small.  It  was  difficult,  therefore,  to  determine  which 
of  two  points  recovered  first  by  testing  them  separately.  In  some  instances, 
however,  we  were  able  by  this  method  to  show  that  the  right  central  region 
recovered  in  advance  of  the  left  apex.  Fig.  14  illustrates  this  point.  The 
refractory  period  of  the  right  central  region  (top  curve)  ended  between  0-122 
and  0141  second  after  R.  The  refractory  period  of  the  left  apex  ended 
between  0146  and  0161  second  after  R  (bottom  curve). 

The  method  of  simultaneous  stimulation  was  more  serviceable.  We 
usually  compared  points  in  tlie  right  central  region  with  points  on  the  left 
apex  and  with  the  deeper  layers  of  the  left  apex.  The  usual  procedure 
was  as  follows  :  The  first  electrode  was  placed  on  the  right  central  region 
and  a  curve  was  taken  ;  the  second  electrode  was  placed  on  the  left  apex 
(the  first  electrode  being  allowed  to  remain  in  place)  and  a  second  curve  was 
taken  ;  without  changing  the  position  of  either  electrode,  the  second 
electrode  was  thrust  into  the  apical  musculature  as  far  as  the  length  of  the 
platinum  points  permitted,  and  a  third  curve  was  taken  ;  the  first  electrode 
was  removed,  and  a  fourth  curve  was  taken.  In  some  instances  the  first 
and  fourth  records  of  this  series  were  not  made. 

Fig.  15  illustrates  the  method.  When  the  surface  of  the  right  central 
region  and  the  surface  of  the  left  apex  were  compared,  the  right  central 
region  recovered  first  (top  curve).  When  the  electrode  on  the  apex  was 
thrust  into  the  deeper  layers  of  muscle,  however,  it  was  found  that  the 
deeper  layers  of  the  apex  recovered  in  advance  of  the  right  central  region 
(middle  curve). 

A  second  example  is  given  in  Fig.  16.  In  this  instance  also  the  surface 
layers  of  the  right  central  region  recovered  in  advance  of  the  surface  layers 
of  the  left  apex,  but  the  deeper  layers  of  the  apex  recovered  earlier  than  the 
right  central  region. 

.Similar  results  were  obtained  in  all  experiments.  In  one  instance  we 
tried  the  effect  of  thrusting  the  right  ventricular  electrode  into  the  deeper 
layers  of  the  right  central  region  ;  the  electrode  pierced  the  heart  wall,  and 
curiously  enough  it  struck  and  injured  the  right  branch  of  the  His-bimdle. 
Temporary  right  branch  block  resulted  (Fig.  15  bottom  curve). 

Table  X  summarises  our  experiments  upon  the  normally  beating  heart. 
The  right  central  region  was  compared  with  the  left  apex  in  13  experiments  ; 
in  1 1  instances  the  right  central  region  recovered  first  ;  in  one  instance 
the  left  apex  recovered  first ;  and  in  one  instance  the  difference  in  the 
times  of  recovery  was  so  small  that  it  could  not  be  detected.  The  deeper 
layers  of  the  left  apex  were  compared  with  the  surface  of  the  right  central 
region  in  10  experiments  ;  in  nine  of  these  the  deeper  layers  of  the  apex 
recovered  first  ;  in  one  instance  the  right  central  region  recovered  first. 
In  one  experiment  the  deeper  layers  of  the  right  central  region  were 
compared  with  the  surface  of  the  left  apex  ;    most  of  the  early  stimuli 
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produced  complexes  of  combination  form  ;  one  very  early  stimulus  produced 
a  left  ventricular  extrasystolc.  The  last  observation  was  made  in  an 
experiment  in  which  the  surface  of  the  left  apex  recovered  in  advance  of  the 
surface  of  the  right  central  region.  So  far  as  tested,  the  right  ,4-  V  border 
and  the  right  conus  recovered  in  advance  of  the  left  apex,  except  that  in 
one  instance  a  jioint  in  the  immediate  neighbourhood  of  the  pulmonary 
valves  recovered  later  than  the  left  apex. 


T.\BLE   X. 
Summary  ol  experiments  upon  the  normally  beating  heart. 


exjieriment. 

Location  of  right 
ventricular  point. 

Location   of  left 
ventricular  point. 

Point  which 
recovered  6rst, 
right  or  left. 

19 

Central  region 

.A.pex 

Right 

Central  region 

Apex  (deep  layers) 

Left 

20 

Central  region 

Apex 

Left 

Central  region 

.Apex  (deep  layers) 

Left 

Central  region 

layers) 
Central  region. 

deep 

Apex 

Left 

21 

Apex 

Right 
Left 

Central  region 

i     Apex  (deep  lavers) 

22 

Central  region 

1     Apex 

Right 

Central  region 

'     Apex  (deep  layers) 

Left 

23 

Central  region 

Apex 

Right 

Central  region 

Apex  (deep  lavers) 

I^ft 

Conus 

,     Apex 

Right 

A-  V  border 

Apex 

Right 

Conus  near  piil. 

valves 

Apex 

Left 

24 

Central  region 

Apex 

Right 

Conus  near  pul. 

valves 

Apex 

Right 
Left 

Conus  near  pul. 

valves 

Apex  (deep  lavers) 

26 

Central  region 

Ai^x 

Right 

27 

Central  region 

Apex 

Right 

Central  region 

Apex  (deep  laj-ers) 

Right 

28 

Central  region 

]     Apex 

? 

Central  region 

Apex  (deep  layers) 

Left 

29 

Central  region 

Apex 

Right 

Central  region 

Apex  (deep  layers) 

Left 

30 

Central  region 

Apex 

Right 

31 

Central  region 

Apex 

Right 

Central  region 

Apes  (deep  layers) 

Left 

32 

Central  region 

.Apex 

Right 

Central  region 

Apex  (deep  layers) 

Left 

To  sum  up  :  in  the  majority  of  dogs,  the  surface  of  the  right  central 
region,  and  probably  all  of  the  anterior  surface  of  the  right  ventricle,  except 
perhaps  the  region  in  the  immediate  neighbourhood  of  the  pulmonary  valves, 
passes  out  of  the  refractory  state  in  advance  of  the  surface  of  the  left  apex. 
The  deeper  layers  of  the  left  apex  usually  recover  earlier  than  the  surface 
of  the  right  central  region,  and  always  recover  earlier  than  the  surface  la3'ers 
of  the  left  apex. 
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Comparison  of  the  order  in  which  various  regions  pass  out  of  the  refraclory  stale 
with  the  order  in  which  they  are  known  to  pass  into  the  excited  slate. 

When  we  comi)are  the  order  in  wliich  various  regions  pass  out  of  the 
refractory  state  with  the  order  in  which  they  are  known  to  become  active, 
we  are  struck  by  a  great  similarity.  Lewis  and  Rothschild^  found  that 
when  the  right  branch  of  the  His-bundle  was  cut,  the  activation  of  the 
right  ventricular  muscle  was  greatly  delayed.  They  publish^  outline 
drawings  of  two  hearts  showing  the  order  of  excitation  at  the  ventricular 
surface  before  and  after  section  of  the  right  division  of  the  bundle. 
Following  the  cut,  the  readings  at  right  ventricular  points  rose  about  004 
second,  so  that  they  exceeded  readings  at  left  ventricular  points  by  0-03 
to  0  05  second.  Readings  in  the  trabeculated  area  also  rose,  but  not  to  the 
same  extent ;  even  after  the  cut  they  were  but  little  liigher  than  readings 
in  the  apex  region.  When  the  cardiac  mechanism  was  normal  they  found^ 
that  the  right  central  region  was  usually  the  first  part  of  the  ventricular 
surface  to  become  active  ;  in  a  few  instances  the  extreme  apex  was  almost 
as  early.  The  endocardial  surface  of  the  apex  preceded  the  epicardial 
surface  by  001  or  002  second.  The  surface  of  the  conus  region  passed 
into  the  excited  state  relatively  late  ;  always  later  than  the  right  central 
region,  and  often  later  than  the  anterior  surface  of  the  left  ventricle. 

Turning  now  to  our  study  of  the  refractory  period,  we  find  that  in  right 
branch  block  the  anterior  surface  of  the  right  ventricle  recovers  about 
0-03  to  004  .second  later  than  the  anterior  surface  of  the  left  ventricle. 
The  trabeculated  area  recovers  at  about  the  same  time  as  the  left  apex. 
When  the  cardiac  mechanism  is  normal,  the  right  central  region  almost 
always  recovers  earher  than  the  anterior  surface  of  the  left  ventricle.  The 
deeper  layers  of  the  left  apex  that  lie  near  the  endocardium  recover  001  to 
0-02  second  earlier  than  the  surface  layers  overljdng  them.  We  have  not 
been  able  to  demonstrate,  conclusively,  that  the  conus  region  is  relatively 
late  in  comparison  with  the  right  central  region  although  some  of  our 
readings  suggest  that  this  is  the  case. 

The  order  of  recovery  is,  therefore,  almost  exactly  the  same  as  the 
order  of  excitation.  Assuming  that  the  refractory  period  bears  a  constant 
relation  to  tlie  period  of  excitation,  the  results  of  our  experiments  indicate 
that,  under  the  conditions  of  the  experiments,  the  duration  of  the  excited 
state  is  approximately  uniform  in  all  parts  of  the  ventricular  muscle.* 

A  conflicting  experiment.  We  have  inserted  the  word  approximately 
in  our  conclusion  for  two  reasons :  first,  because  the  duration  of  the 
refractory  period  is  influenced,  as  we  shall  show  later,  by  factors  that  do 
not  appear  to  influence  the  order  of  excitation  ;  and  second,  because  of  an 
experiment   illustrated   in   Fig.    23.     These   curves    were    obtained   during 
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simultaneous  stimulation  of  the  right  central  region  and  the  left  apex. 
In  this  instance  an  error  in  adjusting  the  stimulating  apparatus  resulted 
in  placing  a  make  shock  in  the  middle  of  each  second  inter-break  shock 
interval.  In  consequence,  right  ventricular  extrasystoles  occurred  in 
couples  ;  the  first  member  of  the  couple  was  due  to  the  response  of  the 
right  ventricular  jjoint  to  the  interpolated  make  shock  ;  the  second 
member  of  the  couj^le  was  due  to  a  response  to  the  following  break  shock. 
Now  the  pre\'ious  break  shock  had  stimulated  both  points  at  the  same 
instant,  and  both  had  had  the  same  time  to  recover  before  the  interpolated 
make  shock  occurred.  Only  the  right  ventricular  point  recovered  in  this 
time,  and  its  refractory  period  must,  therefore,  have  been  sUghtly  shorter 
than  that  of  the  left  ventricular  point.  The  difference  was  probabh-  not 
great,  for  in  some  instances  the  make  shock  found  both  points  in  the 
refractory  state  ;  apparently  the  refractory  period  of  the  right  ventricular 
point  varied  a  little  in  length.  The  break  shock  that  followed  the  inter- 
polated make  found  only  the  right  point  excitable  ;  this  point  was 
thrown  into  the  excited  state  earUer  than  the  left  point,  and  had  had  a  greater 
length  of  time  to  recover.  We  did  not  attempt  to  repeat  the.se  observations 
and  do  not  know  that  the  results  obtained  were  not  due  to  factors  pecuUar 
to  this  experiment  alone.  The  difference  in  the  duration  of  the  refractory 
period  at  the  right  central  region  and  at  the  left  apex  noted  in  this  single 
instance  was  too  shght  to  invahdate  our  general  conclusions.* 

The  lower  right  hand  curve  of  Fig.  23  shows  the  effect  of  reducing  the 
strength  of  the  stimulus.  The  make  shock  is  less  effective  than  the  break 
shock,  and  when  we  reduced  the  strength  of  the  stimuU  sufficiently  to 
bring  the  interpolated  make  below  threshold  value,  we  found  that,  right 
branch  block  being  present,  the  left  apex  recovered  in  advance  of  the  right 
central  region,  but  both  regions  recovered  relatively  late.  The  earhest 
effective  stimulus  fell  near  the  end  of  T  and  found  only  the  left  apex 
excitable.  Tliis  observation  indiccxtes  that  the  order  of  recover}-  is  the 
same  for  weak  as  for  strong  stimuli.  It  should  be  pointed  out  that  the 
stronger  the  stimulus,  the  deeper  the  muscle  layers  reached  by  stimuH  of 
threshold  value  ;  some  part  of  the  chfference  between  the  refractory  period 
to  weak  and  that  to  strong  stimuh  may  be  due  to  this  cause.  It  should 
also  be  remembered  that  only  a  comparatively  small  mass  of  muscle  is 
directly  affected  by  the  stimulus ;  distant  regions  are  activated  by  a 
propagated  disturbance,  the  magnitude  of  which  can  hardly  depend  upon 

*  \Mien  we  discovered  (see  later  section  of  this  article)  that  cooling  the  ventricular  surface 
prolonged  the  refractory  period  of  the  region  cooled,  we  began  to  wonder  whether  local  cooling 
played  any  part  in  this  experiment,  and  also  whether  it  played  a  part  in  our  other  experiments, 
especially  those  which  compared  the  refractory  period  of  the  surface  layers  of  the  apex  with  that 
of  the  deeper  layers,  and  those  that  were  concerned  with  a  comparison  of  the  refractory  period 
of  the  thin-walled  right  ventricle  with  that  of  tlie  thick-walled  left  ventricle.  We  repeated  our 
previous  experiments,  trying  by  various  methods  to  rule  out  this  factor,  and  got  the  same  results 
as  before.  These  later  experiments,  and  the  general  uniformity  of  our  results,  lead  us  to  believe 
that  local  cooling  played  no  appreciable  part  in  producing  the  observed  differences  in  tlie  time 
of  recovery  of  various  regions. 
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the  strength  of  the  stimulus.  The  existence  of  a  relative  as  well  as  an 
absolute  refractorj'  period  is  difficult  to  understand  unless  the  propagated 
disturbance  is  conducted  more  slowly  at  the  time  when  the  absolute 
refractory  period  ends  than  it  is  later  ;  or  unless  the  propagated  disturbance 
is  always  of  sufficient  magnitude  to  excite  all  regions  that  have  passed  out  of 
the  absolute  refractory  period. 

The  effect  of  local  cooling  upon  the  refractory  period  and  upon  the 
form  of  the  T  deflection. 

It  has  been  shown  repeatedly^ ^  that  the  application  of  cold  or  heat 
to  the  surface  of  the  ventricles  produces  changes  in  the  form  of  the 
end-phase  of  the  electrocardiogram.  The  character  of  these  changes  is 
shown  in  Fig.  20,  which  depicts  the  effect  in  each  of  the  three  leads  of  spra^^-ing 
the  posterior  wall  of  the  left  ventricle  mth  ethyl  chloride.  The  heart  was 
lifted  up  from  the  pericardial  sac  and  the  cooling  agent  was  sprayed  over 
the  posterior  basal  surface  ;  the  heart  was  then  replaced  and  a  curve  was 
taken.  The  effect  was  transient,  and  the  sprajang  had  to  be  repeated  for 
each  lead.  In  each  instance  there  was  no  change  in  Q.B.S.,  but  T  became 
very  much  more  negative  than  in  the  control  curve.  Wo  attempted  in 
several  experiments  to  determine  the  relation  between  the  area  cooled 
and  the  type  of  change  in  T  that  took  place.  In  general,  we  got  the  same 
results  as  previous  investigators'^  ;  cooUng  the  apex  of  the  left  ventricle 
made  T  more  negative  in  all  leads  ;  cooling  the  right  base  often  produced 
comparatively  httle  effect,  but  when  T  was  changed  it  became  more  positive 
in  axial  leads.  Cooling  other  portions  of  the  anterior  surface  of  the  left 
ventricle  produced  much  the  same  effect  as  cooling  the  apex.  In  one  instance 
cooUng  the  apex  of  the  right  ventricle  made  T  more  negative  on  leads  // 
and  /  /  /  and  more  positive  in  lead  /. 

We  do  not  wish  to  lay  any  particular  stress  upon  these  results  becau.se 
we  are  uncertain  as  to  the  exact  extent  of  the  region  cooled.  The  spray 
produces  a  mist  all  about  the  point  of  apphcation,  and  not  aU  of  the  ethyl 
chloride  evaporates  immediately  ;  some  trickles  down  into  the  pericardial 
sac.  It  seems  likely  that  the  region  of  effective  cooling  is  considerably 
large^  than  the  small  area  to  which  the  spray  is  directly  applied.  The 
same  criticism  ajjphes  in  varjnng  degree  to  most  methods  so  far  employed 
for  determining  the  effect  of  changing  the  temperature  of  the  ventricular 
surface  locally  upon  the  form  of  T.* 

In  a  number  of  experiments  we  determined  the  effect  of  local  cooling 
upon  the  refractory  period.     In  every  instance  the  refractory  period  of 


*  We  speak  here  of  T  of  the  electrocardiogram,  and  not  of  the  end-phase  of  curves  obtained 
by  direct  leads.  In  the  latter  case  the  extent  of  the  cooled  area  is  not  of  great  importance  so  long 
as  the  muscle  lying  under  one  electrode  is  cooled  and  that  Ijing  under  the  other  is  not.  In  curves 
taken  in  this  way,  however,  it  is  not  always  easy  to  distinguish  between  extrinsic  and  intrinsic 
effects. '* 
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the  region  to  wliich  the  ethj-1  chloride  was  apjilied  was  greatly  prolonged. 
Fig.  24  shows  the  effect  of  cooling  the  left  apex  upon  the  refractory  period 
of  the  same  region  ;  the  refractory  period  was  increased  in  length  by  at  least 
006  second.  It  is  interesting  that  the  cooling  affected  the  normal  T  and  the 
extrasystolic  T  in  similar  ways  ;  the  normal  T  was  made  more  negative,  the 
extrasystolic  T  was  made  less  positive.  No  part  of  the  extrasystolic  T 
was  unaffected.  In  the  same  experiment,  cooling  the  left  apex  did  not 
affect  the  refractory  period  of  the  right  central  region.  In  this  instance 
both  the  normal  T  and  the  extrasystolic  T  were  made  more  negative. 
When  the  anterior  basal  surface  and  the  right  central  region  of  the  right 
ventricle  were  cooled,  the  refractory  period  of  the  right  central  region  was 
definitely  increased  in  length.  The  negative  T  of  the  normal  complex 
became  positive  and  T  of  the  extrasystolic  complex  became  less  negative. 
Similar  results  were  obtained  in  all  other  experiments. 

In  a  few  experiments  we  tested  the  effect  of  local  cooling  upon  the 
refractory  period  bj^  the  method  of  simultaneous  stimulation.  The  results 
are  summarised  in  Table  XI.  It  will  be  seen  that  when  surface  points  were 
compared,  the  imcooled  point  always  recovered  first.  Cooling  the  left  apex 
produced  so  great  a  delay  in  its  recovery,  that  it  was  preceded  by  the  right 
central  region  after  section  of  the  right  branch  of  the  His-bundle.  Cooling 
the  left  apex  had  no  appreciable  effect  upon  the  time  of  recovery  of  the 
deeper  layers  of  muscle  that  lie  near  the  endocardium. 


TABLE    XI. 
The  rcjriiclory  period  of  local  cooling  upon  the  nfractonj  period  of  the  region  cooled. 


No.  of 
experiment. 

Cardiac 
meclianism. 

Regions  compared. 

Point  that 

recovered 

first. 

26 

Normal 

!  R- 

central  and  L.   apex  (control) 
central  and  L.   apex  after  cooling 
R.  central 

^f^^ 

R.  branch  block 

R. 

central  and  L.  apex  after  cooling  L.  apex 

Right 

27 

Normal 

5: 

R. 

central  and  L.  apex 
central  and  L.  apex  after  cooling  L.  apex 
central  and  L.  apex  (deep  layers)  after 
cooling  L.  apex 

f^' 

31 

R.  branch  block 

R. 
R. 

1^- 

central  and  L.  apex  (control) 
central  and  L.  apex  after  coolini;  L.  apex 
central  and  L.  apex  (deep  layers)  after 
cooling  L.   apex 

Left 

Right 

Lett 

32 

,  Normal 

R. 
R. 

central  and  L.  apex  (deep  layers) 
central  and  L.  apex  (deep  layers)  after 
cooling  left  apex 

Left 
Left 
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To  sum  up*  :  Cooling  the  surface  of  the  ventricles  greatly  prolongs  the 
refractory  period  of  the  surface  layers  of  muscle  in  the  region  cooled  ;  it 
does  not  affect  the  refractory  period  of  the  deeper  layers  (8  mm.  deejj). 
Cooling  the  ventricular  surface  docs  not  affect  the  form  of  Q.B.S.,  but  may 
change  the  form  of  T  profoundlj-.  It  is  easier  to  affect  T  by  coohng  the 
surface  of  the  left  ventricle  than  by  cooHng  the  surface  of  the  right  ;  the 
right  apex  is  a  possible  exception  to  tliis  rule.  Coohng  a  given  region 
changes  the  normal  and  the  extrasystolic  T  in  the  same  direction.  When 
T  is  modified  by  coohng  the  ventricular  surface,  it  is  modified  in  all  its  parts, 
early  and  late  ;  the  extrasystohc  T  is  modified  from  its  beginning  at  the  end 
of  Q.  R.S.  to  the  end  of  the  ventricular  complex. 

.4  partial  analysis  of  T. 

The  T  deflection  may  now  be  examined  in  the  light  of  the  new  facts 
that  have  been  accumulated.  Is  T  the  result  of  the  decUne  of  the  state 
of  excitation  in  the  ventricular  muscle  ?  In  attempting  to  answer  this 
question  we  may  ask  whether  the  writing  of  T  and  the  dechne  of  the  state  of 
excitation  take  place  at  the  same  time,  whether  they  are  of  the  same  diiration, 
and  whether  modification  of  the  one  is  accompanied  bj'  modifications  of  the 
other. 

Relation  of  the  refractory  period  to  the  state  of  excitation. 

We  have  attempted  to  follow  the  retreat  of  the  excitation  process  by 
studying  the  refractory  period.  Unfortunately  the  exact  relation  of  the 
refractory  period  to  the  excited  state  is  not  known. f  There  is  consider- 
able evidence  that  the  refractor}'  period  begins  simultaneously  with  the  state 
of  excitation.  Q.R.S.  is  known  to  be  due  to  the  spread  of  the  excitation 
process  ;  when  Q.R.S.  is  complete  all  of  the  ventricular  muscle  is  active  and 
all  of  the  ventricular  muscle  is  in  the  refractory  state.  In  right  branch 
block  the  first  part  of  Q.R.S.  is  due  to  the  spread  of  the  excitation  process 
in  the  muscle  of  the  left  ventricle  ;  the  right  ventricular  muscle  does  not 
pass  into  the  excited  state  until  004  or  005  second  after  Q.R.S.  begins. 
In  right  branch  block  the  right  ventricular  muscle  is  still  excitable  after 

*  It  is  unfortunate  that  we  used  ethyl  chloride  as  a  cooling  agent  in  tliesp  exjieriments  ;  it 
has  been  pointed  out  to  us  that  the  anaesthetic  action  of  ethyl  chloride  must  be  con.«idered  as 
well  as  its  cooling  action.  Smith  did  not  note  any  difference  between  the  effect  of  ethyl  chloride 
and  that  of  other  cooling  agents  upon  the  form  of  T.  Tlie  statement  is  made  in  Bayliss' 
Physiologj-  that  narcotics  such  as  alcohol,  ether,  etc.,  have  the  property  of  rendering  tissues 
temporarily  irresponsive  to  stimuli  (page  138).  Lucas*  found  that  alcohol  did  not  affect  the 
refractory  period  of  nerve. 

t  According  to  Keith  Lucas"  the  refractory  period  of  the  heart  muscle  of  tlie  frog  does  not 
end  until  the  monophasic  response  is  complete.     In  his  experin  en-      I  i     liiv  electrometer 

was  used)  the  Z-electrode  was  placed  upon  an  uninjured  spot  :•■:  ai   base  and  the 

C-electrodeuponaninjuredspot  at  the  ventricular  apes.     Thesiin    .  :;    u  J  to  the  auricle 

or  to  the  ventricular  base.  If,  under  these  conditions,  the  monv.i[  1..;.:.  u.-j  unit-  represents  the 
electrical  activity  of  the  muscle  under  the  Z-electrode  it  is  difticult  to  tinikrstaud  why  the  relation 
of  the  end  of  the  refractory  period  to  the  recorded  cur\e  does  not  vary  with  the  point  stimulated. 
From  Lewis's  analysis  of  the  spread  of  the  excitation  process  in  tlie  toad's  heart  we  should  anticipate 
that  stimulation  of  the  auricle  and  stimuJation  of  the  ventricular  base  would  not  give  the  same 
results.'  We  have  not  felt  justified  in  concluding  from  the  work  of  Lucas  that  tlie  refractory 
period  ends  at  D  of  ctirve  ABCD  (Fig.  3)  rather  than  at  C. 
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the  first  i)art  of  Q.R.S.  has  been  written,  for  stimidation  of  the  right  ventricle 
during  the  first  part  of  the  Q.R.S.  interval  modifies  the  form  of  the 
ventricular  complex  ;  stimulation  of  the  left  ventricle  at  this  time  does 
not  (Fig.  10).  In  left  branch  block,  on  the  other  hand,  the  right  ventricle 
passes  into  the  refractor}-  state  in  advance  of  the  left.  It  is  fairly  certain, 
then,  that  the  refractory  period  and  the  state  of  excitation  begin  at  the 
same  time. 

It  is  also  quite  evident  that  the  end  of  the  refractory  period  is  asso- 
ciated with  the  termination  of  the  state  of  excitation  ;  for  lack  of 
excitability  is  one  of  the  chief  characteristics  that  distinguishes  excited 
tissue  from  quiescent  tissue.  The  chief  difficulty  is  that  we  do  not  know 
whether  the  excitability  of  heart  muscle  returns  immediately  the  state 
of  excitation  has  begun  to  decline,  when  the  state  of  excitation  has  entirely 
disappeared,  or  at  some  intermediate  point.  Referring  again  to  curve 
ABCD  of  Fig.  3,  we  do  not  know  whether  the  absolute  refractory  period 
ends  at  C,  at  D,  or  at  some  point  between  C  and  D.  The  question  is 
further  comphcated  by  the  presence  of  a  relative  as  well  as  an  absolute 
refractory  period.  But  whatever  the  relation  of  the  end  of  the  refractory 
period  to  the  decline  of  the  state  of  excitation  may  be,  it  is  probably  a 
constant  one*  ;  otherwise  it  is  difficult  to  understand  \\  hy  the  order  of 
recovery  should  ever  be  the  same  as  the  order  of  excitation. 

Relation  between  T  and  the  decline  of  the  stale  of  e.vcitalion. 
\A  e  have  shown  that  the  order  of  recovery  of  the  various  regions  of 
ventricular  muscle  is  the  same  as  the  order  of  excitation.  Granted  that  the 
end  of  the  refractory  period  is  associated  with  the  decline  of  the  excitation 
process,  then  the  formation  of  T  and  the  decUne  of  the  excited  state  take 
place  in  part,  if  not  whollj%  during  the  same  period.  For  the  surface  layers 
of  the  ventricular  muscle,  which  are  the  latest  muscle  layers  to  become 
active,  pass  out  of  the  refractory  i^eriod  before  T  is  complete.  The  fact 
that  the  retreat  of  the  excitation  process  occupies  a  much  shorter  interval 
than  the  formation  of  T  is  not  antagonistic  to  the  beUef  that  T  is  the 
result  of  the  decline  of  the  state  of  excitation.  The  spread  of  the  excitation 
process  builds  Q.R.S.,  but  the  Q.R.S.  interval  is  greater  than  the  interval 
consumed  in  this  spread  by  the  time  during  wliich  the  last  muscle  region 
activated  is  developing  its  full  negati\-ity.  By  analogy,  the  interval  during 
which  T  is  WTitten  is  equal  to  the  time  consumed  in  the  retreat  of  the  excita- 
tion process,  plus  the  interval  that  separates  beginning  loss  of  negativity  and 
complete  loss  of  negativity  in  the  muscle  region  that  passes  out  of  the  excited 
state  latest.  Since  the  spread  of  the  excitation  process  and  its  retreat 
occupy  the  same  length  of  time,  we  must  beheve  that  the  period  of  decreasing 
negativity  is  much  longer  than  the  period  of  increasing  negativity.  It  is 
in  this  way  that  the  long  duration  of  T  in  comparison  with  the  short  duration 
of  Q.R.S.  is  to  be  explained. 

*  It  is  possible,  of  course,  that  this  assumption  may  prove  unwarranted. 
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It  should  be  pointed  out  tliat  in  branch  block  curves  and  in  many 
other  curves  T  appears  to  begin  before  Q.R.S.  is  complete;  it  is  often 
difficult  to  decide  exactly  where  Q.R.S.  ends  and  where  T  begins  (Fig.  10). 
It  is,  therefore,  hard  to  believe  that,  for  the  mamraaUan  heart,  there  is 
any  period  during  s3^stole  when  the  state  of  negativity  is  not  changing 
in  some  part  of  tlic  ventricular  muscle  ;  if  there  is  any  period  when  the 
electrical  state  of  each  muscle  element  is  not  changing,  it  must  be  a  short 
one.  It  is  undoubtedly  true,  however,  that  at  certain  times  the  state  of 
negativity  is  changing  more  rapidly  than  at  others  ;  at  the  beginning  of 
the  active  period  the  electrical  state  of  muscle  changes  rapidly  ;  subsequent 
changes  in  the  electrical  state  probably  take  place  more  slowly.  The  curve 
A  BCD  of  Fig.  3,  in  so  far  as  it  is  intended  to  represent  the  electrical 
activity  of  mammalian  heart  muscle,  should  probably  consist  of  but  two 
portions,  J  B  and  CD. 

The  effect  of  elln/l  cliloriile.  The  ajjpUcation  of  ctlnl  chloride  to  the 
ventricular  surface  mocUfies  T  ;  it  also  changes  the  order  of  recovery  in 
the  ventricular  muscle.  It  is  true,  therefore,  that  T  is  modified  by  agents 
that  disturb  the  decline  of  the  excitation  process.  Is  not  the  failure  of 
ethjd  chloride  to  affect  Q.R.S.  in  conflict  with  this  conclusion  ?  If  Q.R.S. 
and  T  are  due  to  different  phases  of  the  same  process,  how  is  it  that  T 
may  be  modified  by  agents  that  do  not  modify  Q.R.S.  ?  The  answer  to  this 
question  probably  Ues  in  the  nature  of  the  excitation  jDrocess.  This  process 
is  evidently  not  a  simple  one,  and  there  is  no  reason  to  believe  that  its 
end-phase  may  not  be  more  easily  modified  than  its  initial  phase.  It  should 
be  remembered  that  although  it  is  possible  to  change  the  form  of  T  without 
changing  the  form  of  Q.R.S.,  it  is  not  possible  to  modify  the  latter  without 
affecting  the  former. 

The  T  deflection  in  bundle  branch  block.  In  right  branch  block  T  is 
positive.  The  surface  of  the  left  ventricle,  the  last  part  of  this  chamber  to 
recover  its  excitabiUty,  passes  out  of  the  refractory  state  before  or  soon  after 
the  apex  of  T  is  written.  The  surface  of  the  right  ventricle  does  not  recover 
until  T  is  nearly  complete.  These  facts  suggest  that  the  upstroke  of  T 
in  right  branch  block  is  chiefly  a  left  and  the  downstroke  chiefly  a  right 
ventricular  effect.  A  similar  conclusion  may  be  drawn  from  a  study  of  the 
refractory  period  in  left  branch  block  ;  here  also  the  downstroke  of  T  seems 
to  be  chiefly  a  right  and  the  upstroke  chiefly  a  left  ventricular  effect.  We 
say  chiefly  because  the  long  duration  of  T  as  compared  with  the  duration 
of  Q.R.S.  indicates  that  there  must  be  a  much  greater  overlapping  of  right 
and  left  ventricular  effects  in  the  formation  of  the  former  than  in  the  formation 
of  the  latter.  Furthermore,  there  is  no  part  of  the  period  during  which  T 
is  written  (except  perhaps  the  last  005  or  006  second)  when  both  ventricles 
are  not  in  the  excited  state  ;  and  during  the  period  of  excitation  the  electrical 
state  of  the  muscle  of  both  chambers  is  probably  changing  (slowly  or  rapidly) 
continuously. 
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If  tlic  (lownstroke  of  T  in  left  branch  block  is  chiefly  a  right  ventricular 
effect  and  the  upstroke  of  T  in  right  branch  block  is  chiefly  a  left  ventricular 
effect,  then  the  curve  obtained  by  the  algebraic  addition  of  these  unilateral 
curves  in  the  proper  time  relation  should  resemble  T  of  the  natural  complex. 
An  addition  of  this  type  has  been  performed  in  Fig.  2.  It  will  be  seen  that 
the  calculated  curve  resembles  the  normal  T  in  general  outline,  especially 
in  its  early  phases. 

We  may  learn  something  further  of  the  forces  that  combine  to  form 
T  by  a  study  of  transitions  of  the  type  shown  in  Fig.  10.  In  the  first  part 
of  this  figure  T  becomes  less  negative  with  each  succeeding  complex.  This 
change  is  associated  with  a  decrease  in  the  slope  of  the  descending  Hmb  ; 
the  final  Umb  does  not  change  its  slope  but  becomes  shorter.  What  is  the 
significance  of  the  difference  in  behaviour  of  the  two  limbs  of  T  ?  The 
transition  of  this  figure  is  produced  by  shifting  the  time  relation  of  left  and 
right  ventricular  effects.  It  will  be  seen  that  the  change  in  the  form  of 
Q.R.S.  that  takes  place  from  complex  4  to  complex  6  (inclusive)  is  due 
to  a  change  in  the  final  portion  of  Q.  R.S.  ;  the  first  part  of  Q.R.S.  {Q'  and  R') 
does  not  change.  The  explanation  is  simple  ;  the  first  part  of  Q.  R.S.  is  of 
unilateral  origin,  the  last  part  of  dual  origin.  It  is  quite  evident  that  all 
parts  of  the  ventricular  complex  which  are  not  changed  in  form  by  shifting 
the  relation  of  the  true  dextrocardiogram  and  the  true  levocardiogram  are 
the  expression  of  unilateral  events  ;  all  parts  that  are  changed  are  the 
expression  of  bilateral  events.  We  conclude,  therefore,  that  the  first  limb 
of  T  in  complexes  1  and  2  is  of  dual  origin  ;  both  right  and  left  ventricular 
effects  take  part  in  its  formation,  although  the  right  ventricular  effects 
undoubtedly  predominate  ;  and  that  that  part  of  the  final  limb  of  T  which 
is  identical  in  complexes  1  and  2  is  of  unilateral  origin  ;  it  is  the  expres.sion 
of  left  ventricular  events.  The  duration  of  the  upstroke  of  T  in  complex 
1  is  0074  .second;  in  comjilex  2,  0059  secondhand  in  complex  3,  0037 
second.  The  upstroke  in  complex  1  is  of  too  great  duration,  therefore,  to  be 
a  pure  left  ventricular  effect,  but  that  part  of  it  which  appears  unchanged 
in  complex  2  may  well  be  unilateral  in  origin. 

It  is  generally  true  that  slight  changes  in  the  relative  positions  of  the 
levocardiogram  and  dextrocardiogram,  when  one  of  these  curves  precedes 
the  other  by  a  considerable  interval,  profoundly  changes  the  shape  of 
the  first  part  of  T,  but  does  not  change  the  shape  of  the  last  part.  We 
believe  that  the  last  part  of  T  (the  part  wliich  occuiiies  the  last  004  to 
006  second)  in  left  branch  block  is  a  pure  left  ventricular  effect  and  that 
the  last  i^art  of  T  in  right  branch  block  is  a  pure  right  ventricular  effect. 

Some  factors  that  determine  the  form  of  T  in  combined  cotnplexes. 

Combinations  of  the  levocardiogram  and  dextrocardiogram  in  different 
time  relations  show  that  the  direction  of  the  most  prominent  deflection 
of   Q.R.S.   is   dejjendent   upon   two   factors  :   (a)   upon   which   of   these   two 


BUNDLE    BRANCH    BLOCK.  271 

curves  precedes  the  other  ;  the  curve  tliat  precedes  its  fellow  having  the 
position  of  advantage  ;  and  (6)  upon  which  of  the  two  curves  is  of  greater 
araphtude.  When  the  precedence  of  one  curve  over  the  other  is  great,  it 
is  the  deciding  factor  ;  when  it  is  small,  relative  amplitude  is  the  deciding 
factor.  The  same  two  factors  can  be  distinguished  in  the  formation  of  the 
T  deflection  ;  here,  however,  relative  ampUtude  plays  a  greater  role  than  in 
the  formation  of  Q.R.S.,  for  the  slow  development  of  the  forces  that  build 
T  tends  to  cause  a  fusion  of  all  effects  that  are  separated  by  .small  intervals 
of  time.  It  is  true  that  when  the  dextrocardiogram  precedes  the 
levocardiogram  by  a  considerable  interval,  T  is  usually  po.sitive  (Figs.  9 
and  10)  ;  and  that  when  the  relation  of  these  two  curves  is  the  reverse,  T 
is  usually  negative  ;  but  when  the  interval  by  which  one  of  these  curves 
precedes  the  other  is  small,  the  direction  of  T  is  dependent  upon  which  of 
the  two  ventricles  produces  effects  of  greater  amplitude.  When  the 
right  and  left  ventricles  are  stimulated,  first  separately  and  then  simulta- 
neously, the  direction  of  T  of  the  combination  complex  may  be  precUcted  ; 
it  has  the  same  direction  as  T  of  the  left  ventricular  extrasystole  or  as  T 
of  tlie  right  ventricular  extrasystole  according  as  the  one  or  the  other  is 
of  greater  amphtude  (Fig.  13). 

It  may  se?m  strange  that  the  thin-walled  right  ventricle  can  ever 
produce  effects  of  great?r  amplitude  than  the  more  massive  tliick-walled 
left  ventricle.  It  must  ba  remembered,  however,  that  the  levocardiogram 
and  the  dextrocardiogram  are  resultants  ;  not  aU  of  the  forces  that  enter 
into  the  formation  of  either  of  these  curves  have  the  same  direction  ;  some 
are  po.sitive  and  some  are  negative.  It  is  also  probable  that,  because  of 
the  thicker  wall  of  tlie  left  ventricle,  the  activation  and  deactivation  of  the 
muscle  of  this  chamber  are  spread  over  a  slightlj-  longer  period  than  the 
correspontling  acti%-ities  of  the  right  ventricular  muscle.  Then  there  is 
the  question  of  the  lead  used  ;  some  muscle  regions  are  more  advantageousl}' 
situated  with  reference  to  the  Une  of  lead  than  other  regions.  And  lastly, 
the  expression  relative  amphtude,  as  used  above,  means  relative  amphtude 
in  corresponding  time-phases  ;  as  a  rule  the  dextrocarcUogram  reaches  its 
full  ampUtude  earUer  than  the  levocardiogram. 


Some  theoretical  considerations. 

It  has  been  shown  by  Lewis'  that  the  direction  of  the  Q,  R  and  S 
deflections  is  determined  by  the  average  direction  in  which  the  excitation 
wave  is  travelling  when  each  is  written.  When  the  excitation  wave  is 
spreading  from  right  to  left,  the  right  arm  is  negative  with  reference  to 
the  left  arm  and  the  deflection  in  lead  /  is  upward.  We  may  imagine 
that  during  tliis  time  each  muscle  element  (strictly  speaking  the  majority 
of  the  muscle  elements  involved)  is  relatively  negative  to  its  neighbour 
on  the  right  and  relatively  positive  to  its  neighbour  on  the  left.     As  the 
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spread  of  the  excitation  wave  nears  completion  we  should  expect  all  muscle 
elements  to  approach  an  isoelectric  state  ;  the  galvanometer  string  should 
then  return  to  the  base  line.  When  the  excited  state  begins  to  pass  off, 
following  in  its  retreat  the  same  path  that  it  pursued  in  its  advance,  each 
muscle  element  should  become  relatively  positive  to  its  neighbour  on  the 
right  and  relatively  negative  to  its  neighbour  on  the  left  ;  the  resulting 
deflection  should  be  oppositely  directed  to  the  deflection  produced  by  the 
spread  of  the  excitation  process.  We  should  anticipate,  therefore,  that, 
since  the  most  prominent  initial  deflection  of  the  true  dextrocardiogram 
is  positive  its  final  deflection  would  be  negative.  For  a  similar  reason, 
we  should  expect  the  final  deflection  of  the  true  levocardiogram  to  be  positive. 
The  form  of  the  ventricular  complex  in  bundle  branch  block  seems  to  support 
this  hypothesis  ;  when  the  chief  initial  deflection  is  positive  T  is  negative 
and  vice  versa.  We  may  conceive,  therefore,  that  the  true  dextrocardiogram 
resembles  curve  D2  of  Fig,  5,  and  that  the  true  levocardiogram  resembles 
Curve  L'2. 

There  are,  however,  some  objections  to  this  hypothesis.  If  the  true 
dextrocardiogram,  after  reaching  its  apex,  returns  at  once  to  the  base  fine, 
as  indicated  in  Curve  D2,,  how  is  it  possible  to  explain  the  Q.R.S.  of  left 
bundle  branch  block?  We  have  given  evidence  to  show  that  the  second  peak 
of  Q.R.S.  in  left  branch  block  is  R'  of  the  levocardiogram  superimposed  upon 
the  dextrocardiogram  ;  this  levocardiogram  may  differ  from  the  normal 
levocardiogram,  but  we  should  expect  it  to  have  the  same  general  outhne. 
If  we  subtract  the  normal  levocardiogram  (its  early  phases)  from  the  latter 
part  of  the  Q.R.S.  of  left  branch  block,  the  dextrocardiogram  is  left  well 
above  the  base  Une.  It  appears  to  descend  sharplj^  immediately  after  the 
fir.st  peak  of  Q.R.S.,  but  if  this  rapid  descent  continues  it  is  difficult  to 
understand  whj-  the  downstroke  of  the  levocardiogram  does  not  carry  the 
final  Umb  of  Q.R.S.  far  below  the  base  fine.  We  must  beUeve,  either  tliat 
the  early  pha.ses  of  the  levocardiogram  that  enters  into  the  formation  of 
the  left  branch  block  complex  are  decidedly  different  from  the  early  phases 
of  the  normal  levocardiogram,  or  that  the  true  dextrocardiogram  does  not 
descend  to  the  zero  line  earl}-. 

If,  now,  we  consider  T  and  we  conclude,  for  the  reasons  given  above, 
that  the  last  part  of  T  in  right  branch  block  is  a  pure  right  ventricular 
effect,  then  the  final  phase  of  the  levocardiogram,  as  well  as  its  initial  phases, 
appears  to  He  above  the  base  fine. 

We  may  conceive,  therfore,  that  the  true  dextrocardiogram  resembles 
curve  Dl  rather  than  curve  D2  in  form,  and  that  the  true  levocardiogram 
resembles  curve  Ll  rather  than  curve  L2.  These  curves  (Dl  and  LI)  are 
purelj-  hjTJothetical,  and  they  are  difficult  to  explain  on  theoretical  groimds. 
The  manner  in  which  they  are  conceived  to  unite*  to  form  the  complexes 
of  right  and  left  branch  block  is  indicated  by  the  broken  curves  in  the 


*  No  attempt  at  accurate   combination   is  made  in   the   figure.     It   is  intended  to  give  a 
general  idea,  not  an  exact  idea,  of  the  way  in  which  branch  block  complexes  may  be  produced. 
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Fig.   5.     Tlie  hypotlietical  form  of  tho  truo  lovoom-diograni  (  L\ 
dcxtrocardiogram  {D\  and  D'l). 


id  Li)  and  of  tlie  truo 


figure.     In  some   respects   tliev   are   no   iiion^   satisfactory   than    the   curves 
D2  and  L2* 

We  have  entered  >i])ou  this  discussion  of  the  form  of  the  true  levo- 
cardiogram  and  of  tJie  true  dextrocardiogram  in  order  that  our  statements 
in  regard  to  T  may  not  be  misunderstood.     In  concluding,  for  instance,  that 


*  They  (Curves  L\  and  i>l)  are  unsatisfactory  in  a 
all  the  complexes  obtained  by  stimulation  of  \arious  i 
are  compared,  it  is  found  that  there   is    i    i    I    ihh   1 
amplitude  of  r.     The  taller  Q.iJ.^  tli.    n 
even  be  positive.     If  curve  li\  reprosi  im     '        > 
would  not  be  anticipated.     In  the  sernnl  |  1  .,  .  .  (    :i  \ 


i-eral  respects.  If,  in  a  single  experiment, 
'pions  of  tho  surface  of  the  right  ventricle 
nvc.ii   tin-  :iiii|.litude  of  Q.R.S.  and  the 

-  /  ;  .'v\  \\\,.-u  Q.R.S.  is  short,  T  may 
III  I-;  ill.  ill  \i  nirardiocram,  this  relation 
-  L\  .Hill   /'I  indicate  that  in  ventricular 


preponderance  T  should  have  the  same  diroction  ns  Q.  U.S.  This  does  not  appear  to  be  the  case. 
It  is  true,  however,  that  oiu'  knowledge  of  the  effect  of  preponderance  upon  tlie  electrocardiogram 
is  limited,  if  wo  except  the  right  ventricular  preponderance  that  is  present  in  the  newly  born 
infant,  to  the  effect  of  preponderance  in  heart  disease.  But  here  the  pure  effects  of  preponderance 
are  obscured  by  the  effects  of  myocardial  changes  and  variations  in  the  position  of  the  dilated 
heart. 
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the  upstroke  of  T  in  right  branch  block  is  chiefly  a  left  ventricular  effect. 
we  mean  only  that  this  part  of  ?'  is  due  chiefly  to  the  early  decHne  of  the 
excitation  process  in  the  left  ventricular  muscle.  Whether  it  is  an  upstroke 
because  of  the  average  direction  in  wliich  the  excitation  process  is  retreating 
during  the  time  in  which  it  is  written,  or  because  the  deactivation  of  the  left 
ventricular  muscle  disturbs  a  balance  between  right  and  left  ventricular 
effects,  we  do  not  know.  A  i^ositive  T  may  be  looked  upon  as  the  result 
of  a  jireponderance  of  left  ventricular  effects  (preponderant  retreat  of  the 
excitation  process  on  the  left  side),  or  as  the  result  of  a  preponderance  of 
right  ventricular  effects  (preponderance  of  retained  activity  on  the  right  side) 
according  to  the  \iew  taken.  At  present  there  does  not  seem  to  be  more 
virtue  in  one  view  than  in  the  other. 

The  effect  of  cooUng  various  parts  of  the  ventricular  surface  upon 
the  T  deflection  may  be  expected  to  throw  somehght  upon  the  problem,  but 
it  does  not  seem  desirable  to  enter  upon  a  discussion  of  this  subject  until 
more  data  have  been  accumulated. 

Relation  of  T  to  the  fined  deflection  of  Q.R.S.  According  to  Lewis,' 
T  of  the  toad's  electrocarcUogram  is  always  opposite  in  direction  to  the 
final  deflection  of  Q.R.S.  ;  when  there  is  an  iS  deflection,  T  is  jjositive  ;  when 
there  is  no  S,  T  is  negative.  It  appeared  to  us  at  first  that  a  similar  relation 
was  present  in  the  majority  of  mammalian  electrocardiograms.  Further 
observation  leads  us  to  believe  that,  in  mammals,  the  relation  is 
fictitious.  The  apparent  relation  arises  from  the  fact  that,  in  many 
instances,  the  appearance  of  the  end  of  Q.R.S.  is  determined  by  the  direction 
of  T.  In  left  branch  block,  for  instance,  the  final  hmb  of  Q.R.S.  usuallj' 
descends  below  the  base  line  ;  but  since  T  is  negative,  no  S  is  formed  ;  a 
Q.R.S.  of  the  same  form  followed  by  a  positive  T  would  show  an  S  deflection. 
In  the  toad's  electrocardiogram,  Q.R.S.  is  followed  by  a  long  iso-electric 
or  nearly  iso-electric.  stretch  of  curve,  and  the  relation  between  the  direction 
of  T  and  the  final  deflection  of  Q.R.S.  is  probably  real.  For  this  relation 
we  have  no  explanation  other  than  that  offered  by  Lewis. ^ 

Summary. 

1.  Delayed  conduction  of  the  impulse  through  one  of  the  chief  branches 
of  the  His-bundle  (incomplete  bundle  branch  block)  gives  rise  to  ventricular 
complexes  that  are  transitional  in  form  between  the  normal  complex  and  the 
complete  bundle  branch  block  complex.     Tliis  conclusion  is  based  upon  : 

(a)  The  form  of  the  curves  obtained  by  the  algebraic  addition  of  the 
levocardiogram  and  dextrocardiogram  in  varying  time  relations. 

(6)  The  form  of  the  curves  produced  by  the  experimental  combination 
of  the  levocardiogram  and  dextrocardiogram  in  varj-ing  time  relations. 
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(c)  Tlie  form  of  the  ventricular  complexes  recorded  during  the  period 
of  recoverj'  that  follows  temporary  bundle  branch  l)lock. 

2.  Under  normal  conditions,  the  duration  of  the  state  of  excitation  is 
approximately  uniform  throughout  the  ventricular  muscle.  This  conclusion 
is  based  upnn  : 

(a)  The  order  in  whicli  the  various  regions  of  the  ventricular  muscle 
pass  out  of  the  refractory  state  in  l)undle  l)ranch  Ijlock. 

(h)  The  order  of  recovery  when  the  cardiac  mechanism  is  normal. 

(c)  The  relations  that  exist  between  the  form  of  Q.R.S.  and  the  form  of 
T  and  between  the  length  of  the  Q.R.S.  interval  and  the  length  of  the  R-T 
interval. 

3.  The  7'  deflection  is  produced  by  the  decline  of  the  state  of  excitation 
in  the  ventricular  muscle.     Tliis  statement  is  based  upon  : 

(a)  The  relations  between  T  and  the  end  of  the  refractory  period. 

(/>)  The  elTect  of  cooling  the  ventricular  surface  upon  the  form  of  T 
and  ujion  tlie  refractory  period. 

(r)  Tiie  relation  between  the  form  of  T  and  the  form  of  Q.R.S. 

4.  In  right  brancli  block  the  l)eginning  rise  of  T  is  chiefly  a  left 
ventricular  elTect  ;  the  end  of  T  is  sustained  by  a  right  ventricular  e(T(Mt. 
In  left  branch  l)lock  the  beginning  fall  of  T  is  chiefly  a  right  ventiimlar 
effect  ;  while  at  the  end  it  is  sustained  below  the  base  hne  by  left  ventricular 
effects.  T  of  the  normal  ventricular  complex  is  a  combination  of  right  and 
left  ventricular  effects  ;  the  former  tend  to  make  T  negative  ;  the  latter, 
positive. 


Note. — We  regret  tliat  Rotliberger  ami  Winterberg's  .study  (Zeitsch.  f.  d.  ges.  exp^r.  Med., 
1916-17,  V.  264)  did  not  come  to  our  notice  until  after  this  article  had  passed  into  the  hands 
of  the  publisher.  The\-  found  tliat  in  many  instances  leisons  of  the  bundle-subdivisions 
(especially  lesions  which  divided  the  anterior  or  posterior  limb  of  the  left  bundle  lirfnch) 
produced  striking  changes  in  the  form  of  the  ventricular  complex  but  did  not  greatly  change 
the  Q.R.S.  interval.  The  greatest  change  in  the  Q.R.S.  interval  observed  amounted  to 
001  second. 


276       F.     N.     WILSON     AND     G.     R.     H  EBB  MANN 


REFERE^•CES. 


Bayliss,  W.  M.      "  Trinciples  of  General  Physiology,"  Longmans,  Green  &  Co.,  London,  1918. 

Eppinger,  K..  and  RoTHBERGEit,  J.  "Ueber  die  Folgen  der  Durchschneidung  der  Tawar- 
aschen  Sclienkel  des  Reizleitungsystems."     Zeltsch.  f.  klin.  Med.,  1910,  Lxx,  1. 

Lewis,  T.  "  Tlie  Spread  of  the  Excitatory  Process  in  the  A'ertebrato  Heart,"  Phil.  Trans. 
Roy.  Soc,  London,  B,  1916,  COTI,  221. 

Lewis,  T.     "  Tlie  Mechanism  and  Graphic  Registration  of  the  Heart  Bent,"  London,  1920. 

Lewis,  T.,  and  Rothschild,  M.  A.  "  The  Excitatory  Process  in  the  Dog's  Heart."  Part  II — 
"  The  Ventricles,"  PhU.  Trans.  Roy.  Soc.,  London,  B,  1915,  ccvi,  181. 

Lewis,  T.,  Meakiss,  J.,  and  White,  P.  D.  "The  Excitatory  Process  in  the  Dog's  Heart." 
Part  I—"  Tlie  Auricles,"  Phil.  Trans.  Roy.  Soc.,  London,  B,  1914,  ccv,  375. 

Lucas,  K.  "  On  the  Recovery  of  Muscle  and  Nerve  after  the  Passage  of  a  Propagated 
Disturbance,"  Journ.  of  Physiol.,  1910-11,  xn,  368. 

Lucas,  K.  "  Tlie  Effect  of  Alcohol  on  the  Excitation,  Conduction  and  Recovery  Processes 
in  Nerve,"  Joum.  of  Physiol.,  1913,  xlvi,  470. 

Mines,  G.  R.      "  On  the  Summation  of  Contractions,"  Joiu-n.  of  Physiol.,  1913,  x  vi,  1. 

Oppexheimek,  B.  S.,  and  Rothschild,  M.  A.  "  Electrocardiographic  Changes  Associated 
with  Myocardial  Involvement,"  Joum.  Amer.  med.  Assoc.,  1917,  LXix,  429. 

Sakderson,  J.  B.,  and  Page,  F.  J.  M.  "  On  the  Time -relations  of  the  Excitatory  Process 
in  the  Ventricle  of  the  Heart  of  the  Frog,"  Joum.  of  Physiol.,  1879-80,  ii,  384. 

Sanderson,  J.  B.,  and  Page,  F.  J.  M.  "  On  the  Electrical  Phenomena  of  the  Excitatory 
Process  in  the  Heart  of  the  Frog  and  of  the  Tortoise,  as  Investigated  Photo- 
graphically," Joum.  of  Physiol.,  1883-4,  iv,  327. 

Smith,  F.  "  Further  Observations  on  the  T  Wave  of  the  Electrocardiogram  of  the  Dog 
Following  the  Ligation  of  the  Coronary  Arteries,"  Archives  of  internal  Med.,  1920, 
XXV,  673. 


r,  r  A"  D  1.  K     I!  I,'  A  .\  (■  U     It  I.oc  K 


marker  riMords  tiltl 


/  /.  I 
li.-h  i.,l 
iecoiul. 


1   inilli\..h.        n 


il)    Uoek.       r.      Ki, 


t1 
Fig.  8.  Experiment  7.  L.  i  I  /  /  I  .' 
region.  Complex  4. —  P.  i  _  I  >  i  mi:  .mi 
Complex  2. — Complex  ot  in.iiiuil  i>  (.c-  t. 
and  the  extrasystolic  dextrocartliogra 
control  curve  (Fig.  7a,  Lead  /  /). 


applied  to  right  central 
;ht  branch  block  complex. 
the  normal  levoeardiogram 
■ntricular  complex   of  the 


BUNDLE    B 


-^-                --      -      :         :' -'      :      :fe^ 

-. — ■ — --■--  :i-::"::^  ::..-:rr^ 

feffi^^^g 

^mim 

s^ 


Top  curve. — Khythmi 
and  dextrocardiograii 
of  the  left  apex. 


Fig.  9.  Experiment  7.  Lend  /  /.  Right 
Complex  A. —  Kighl  vent.  extra.systole. 
the  levocardiofn'ani  and  dextrocardiogra 


BC  X  DLE     BRAXCH     BLOC  K . 


Fig.  11.  ExpMiineu- 
right  conus.  Tli 
cur%'e.—  Rhythii  1 
0-200  and  0-210  - 


Curve  1289.  Top  curve.  —  Rhythmic  stimulation  of 
ended  between  0-165  and  0-179  second  after  Q.  Bottom 
the   left    apex.     The    refractory   period   ended   between 


Fig.    12.      Experiment    IT.     Left-hand    curves. — Control    curves 
cur\-e3. — Incomplete  left  branch  block.     Right-hand  curves. — ( 


the    three    leads.     Middle 
iplete  left  branch  block. 


nrxDi.E    r,rr\.\(i!    ni.ocK 


-z^  s^-^ 


Fig.   13.     Experiment  18.     Lead   / /.     Right  branch  block.    Top  curve. — Rliythmic  stimulation 
of  the  ricrht  conus.      MiHHle  curve.  -  Rhythmic  stimulation  of  the  left  ajiex.'     Bottom  curve. — 


ig.  14.  Experiment  19.  Normal  mechanism.  Top  curve. — Rhythmic  stimulation  of  the 
right  central  region.  Refractory  period  ended  between  0-122  and  0-141  second  after  R. 
Bottom  curve. — Rhythmic  stimulation  of  left  apex.  Tlie  refractory  period  ended  between 
0-146  and  0-151  second  after  /?. 


B U N DIE 


Fig.    15.     Expciini.  lit    lM.     T<.i.  rui 
left  apex.      Right  central  region 
after  R.     Middle  curve.— Siniultam 
layers  of  the  left  a|jex.      The  deepe  le 

stimulus  fell  ci:'."  s lu)  ;ifter  V 

layers  of  tic-  iiulit  .■.nip.il  regi< 
right  side  stiu.k  ..n,i  n,,u,>.,l  th 
block.      Earhf.st  f  ti-.m  .    ..,n,.,l. 


iiltai 


The  right  central  region  recovered 
ter    R.     2nd    record. — Lead     /  /  /. 

7//'"u.It"lM'an,l'"                 . 
X.      Rv^hi  oeiitni!   .. 
Siinultaiieuus    stiimii.u ;,,^ 


irniiii 


_  i^m   iiliiiiaiiiiiigi 


m 


^^^^^mW 


BUS  OLE     BRA.MH     BLOCK 


IS 


=^  Vt  I    "^fO^ 


11.       Left-hand  ie(oi<ls.— Co.itrol  ciirves,      Mirlille  recur.ls.^ 
block.      Right-hand  records. — Complete  right  branch  block. 


W:^ 


Fig.    1^.      KNpfnnient     liL'.      Lettiuiiui    records.  — Control    ciuves.      .Middle    records 
left  branch  block.     Right-hand  records. — Complete  right  branch  block. 


B  r  X  I)  LE     BR  A  A'  C  H     BLO  C  K  . 


iiilateial  branch  block. 


m^^^m^ 


Fit'.    ■2\.      Kxi>Tirn.-iit    i2.      Bci;i.iiiing   reuuveiy    ot    ihe   k-it   brauuli    of    the    bundle.      ConiiJete 
right  braiicli  block  and  incomplete  left  branch  block. 


R  r  X  I)  1.  E     I!  R  A  X  C  H     R  L  0  C  K 


'^^#m  ^^-^-- 


f^^^       *i    J I 


Make  »lioLk  iiiteriJi^lalea  m  I  lit-  iiiidcUt-  ul  evei 
3. —  Strong  stimuli.  4. — (Lower  right-hand 
shock  was  below  tlueshokl  value. 


econd  inter-break  slioi-k  interval.      I,  2  and 
I'e)  Strength  of  stimuli  reduced  imtil  make 


I 


l( 


B U N DLE     B 


Fig.   24.     Experiment   2f>.     Top  curve. — Rh> 
stimulus  fell  OKiT  second  after  R. 
the  left  apex  after  spraying  the  left  apex 
0-231  seeond  after  //. 


lE-EXCITATI 


B r X DLE     BBAXCH     BLOCK 


^ 


Fig.   27 


Exi»riment  32.     Left-hand  records.— Control  cur\es.     Middle  records.— Right  branch 
block.     Right-hand  records. — After  cutting  the  anterior  limb  of  the  left  branch. 


REPORT    OF    A    CASE    OF    CONGENITAL    ANOMALY    OF    THE 
HEART— REPTILL\N. 

By  C.  ULYSSES  MOORE,  M.D.,  and  FRANK  R.  MENNE,  M.D. 

(From  the  Departments  of  Pediatrics  a)id  Pathology,   University  of  Oregon 
Medical  School,  Portland,  Oregon.) 


The  more  common  anomalies  of  the  heart,  namely,  patent  foramen  ovale 
and  pat«nt  ductus  arteriosus,  occur  too  frequently  to  be  of  unusual  interest. 
Other  less  common  errors  in  formation  arc  as  a  rule  sufficiently  unique  to 
warrant  recording. 

On  July  the  12th,  1920,  a  white  male  baby  of  Austrian  parentage  was 
born  at  the  Good  Samaritan  Hospital.  It  was  seen  by  one  of  us  (C.  U. 
Moore),  in  consultation  with  Drs.  Dalton  and  Shoot,  when  five  days  old. 
It  was  the  fourth  child  of  healthy  parents.  The  three  other  children  were 
instrumental  deliveries,  and  are  normal  and  healthy.  There  had  been  no 
miscarriages.  The  babe  was  delivered  at  full  term  by  Caesarian  section. 
It  took  the  breast  well  for  the  first  three  days,  then  refused  it.  Physical 
examination  showed  a  well  developed,  well  nourished  wliite  cliild  weighing 
six  pounds.  Cyanosis  was  marked.  The  lips,  gums,  buccal  mucous 
membranes,  eyelids,  fingers  and  toes  were  a  deep  purple.  The  colour  was 
less  deep  in  other  parts.  Cyanosis  was  more  extreme  during  crying.  Feet 
and  hands  were  cold.  Rectal  temperature  was  normal.  The  head  was  well 
formed,  the  anterior  fontanelle  was  2  by  3  cm.,  ej-es,  cars,  and  nose  were 
normal,  the  throat  was  clear.  There  were  no  glandular  enlargements.  The 
chest  was  well  formed  ;  over  the  lungs  moist  rales  of  general  distribution 
were  heard.  The  cardiac  dulness  extended  2  cm.  to  the  right  and  6  cm. 
to  the  left  of  the  median  fine.  A  murmur  replacing  the  normal  sounds 
heard  at  the  apex  was  audible  over  the  entire  cardiac  area.  There  was  no 
second  sound,  but  the  murmurs  heard  were  separated  by  a  short  diastole. 
The  abdomen  was  level ;  the  Uver  was  3  cm.  below  the  costal  margin  in  the 
mammary  fine  ;  the  navel  was  healing  normally.  The  genitals  and  rectum 
were  normal.  The  extremities  were  symmetrical  and  normal.  The  reflexes 
were  not  elicited.  Death  occurred  on  the  following  day,  and  the  autopsy 
revealed  the  cause  of  the  cyanosis  and  the  short  duration  of  life. 
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The  salient  pathological  findings  are  as  follows  :  congenital  malformation 
of  the  heart ;  absence  of  interventricular  septum  ;  absence  of  left  atrio- 
ventricular opening  ;  small  aplastic  left  auricle  ;  -nddely  patent  foramen 
ovale  ;  acutely  dilated  heart ;  marked  csdema  and  hyperaemia  of  the  lungs  ; 
acute  generalised  passive  hyperaemia  ;  absence  of  other  malformations  or 
malpositions  of  viscera  ;  absence  of  any  other  disease  process  adequate  to 
explain  the  cause  of  death. 

Peacock  and  others  reported  a  number  of  instances  of  sejital  defects, 
but  a  careful  search  of  post  writings  for  the  past  twenty  years  has  failed  to 
disclose  a  report  of  a  case  exactly  similar  to  the  one  here  reported. 

In  order  to  more  clearly  understand  the  conditions  of  the  heart  we  are 
about  to  describe,  it  seems  advisable  to  briefly  review  the  pertinent  features 
of  its  customary  or  normal  development. 

The  embryo  of  5  to  6  mm.  in  length  contains  a  heart  in  which  the  form 
of  the  atria  is  more  or  less  definite.  There  is  also  seen  a  slight  indentation 
at  the  lower  margin.  This  marks  the  formation  of  the  apex  and  lies  over 
the  site  of  tjie  future  interventricular  septum.  A  single  vessel,  the  bulbus 
cordis,  leads  out  of  the  single  ventricle  (see  Fig.  1).  The  septa  are  not  j-et 
developed. 

Later,  in  about  a  12  mm.  embryo,  definite  changes  in  the  interior  of  the 
heart  are  noted.  The  endocardial  cushions  have  united  and  have  become 
fused  ^-ith  the  septum  primum  to  the  end  that  the  atrio-ventricidar  openings 
are  formed  and  the  foramen  ovale  is  in  evidence.  The  interventricular 
septum  has  not  yet  developed,  and  the  single  ventricle  persists  (see  Fig.  2). 

In  the  later  stages  of  growth  the  bulbus  cordis  is  divided  in  a  twisting 
plane  so  as  to  form  two  vessels,  the  pulmonary  artery  and  the  aorta,  wliich 
maintain  communications  with  the  right  and  the  left  ventricles  respectively, 
the  ventricles  having  been  divided  hy  the  interventricular  sci^tum  (see 
Fig.  3).  The  atrio-ventricular  openings  are  complete  and  guarded  by  the 
tricuspid  and  mitral  valves.  The  foramen  ovale  and  ductiis  arteriosus  are 
almost  obliterated. 

With  the  above  sketch  of  the  normal  development  of  the  heart  in  mind, 
let  us  consider  the  conditions  that  obtain  in  the  instance  here  reported  (see 
Fig.  4). 

The  heart,  opened  after  fixation,  weighs  2Go  gm..  The  ventricular 
portion  measures  4  by  4-5  cm.  in  its  various  dimensions.  The  epicardium 
presents  no  noteworthy  changes.  From  the  anterior  presenting  surface  the 
coronary  vessels  extend  obliquely  from  right  to  left.  They  appear  to  issue 
from  the  auriculo-ventricular  groove  immediately  beneath  the  right  auricular 
appendage.  From  here  they  extend  down  to  the  left  in  the  direction  of  the 
apex  of  the  heart.  Their  cour.se  and  manner  of  distribution  point  to  their 
being  branches  of  the  posterior  artery.  When  the  anterior  surface  of  the 
heart  is  opened  in  the  direction  of  what  appears  to  be  the  pulmonary  artery 
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.  1.  Diagrammatic  sketch  of  the  heart,  illustrating  the  second  stage  of  development  of  the 
heart  as  it  occurs  in  a  6  mm.  embryo.  LA=\eit  atrium  ;  i?^  =  right  atrium  ;  F=single 
B=biJbus. 


Fig.   2.     Diagrammatic  sketch  of  the  intern  _:  heart  chambers  in  the  third  stage 

of  development.  i-4=left  atrium;  R  A  =  Tight  atriumn ;  SP=septiim  primum ;  EC= 
endocardial  cushion;  RAV=Tight  auriculo-ventricular  opening;  L.4  F=left  auriculo- 
ventricular  opening  ;    F= single  ventricle. 
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only  a  single  ventricle  is  found.  The  large,  and  only,  vessel  leaving  it  is 
guarded  by  a  tricuspid  valve  without  evidence  of  the  mouths  of  the  coronary 
arteries.  Some  0-8  cm.  above  the  attachment  of  the  cu.sps,  the  right  and 
left  branches  of  the  pulmonary  artery  are  given  off.  Immediately  below 
the  mouths  of  these  vessels  the  artery  has  a  circumference  of  2  cm.,  which 
is  also  the  circumference  of  the  thoracic  portion  of  the  systemic  aorta  with 
which  it  is  continuous.  One  cm.  and  a  half  above  the  branches  of  the 
pulmonary  artery  there  is  an  opening  guarded  by  a  spur-Uke  ridge,  as  is 
commonly  found  at  the  normal  site  of  the  isthmus  of  the  aorta,  where  the 
ductus  arteriosus  normally  enters  it.  The  vessel  entering  here  is  apjiarently 
that  portion  of  the  arch  of  an  aplastic  sj-stemic  aorta.  From  the  curvatiure 
of  the  latter  the  right  innominate  artery  and  its  branches,  the  left  common 
carotid,  and  the  left  subclavian,  take  their  origin.  This  vessel,  which  has  a 
circumference  of  less  than  a  centimetre,  arises  at  a  point  between  the  auricles 
and  beliind  the  beginning  of  the  pulmonary  artery.  When  it  is  opened  it  is 
found  to  end  bUndl}',  and  has  at  its  beginning  small  atyjiical  cusps  with  pit-like 
depressions  from  which  the  mouths  of  the  coronary  arteries  arise.  There  is 
no  connection  between  this  vessel  and  the  single  ventricular  chamber.  The 
right  auricle  is  about  three  times  the  size  of  the  left.  The  pulmonary  veins 
enter  into  the  latter,  wliich  is  capable  of  holcUng  about  3  cc.  of  blood. 
There  is  no  opening  between  it  and  the  ventricle.  There  is  present  a  rela- 
tively large  patent  foramen  ovale  in  the  inter-auricular  septum,  which  is 
otherwise  complete  in  its  development.  The  superior  and  inferior  venae 
cavae  enter  normally,  the  latter  being  guarded  by  a  narrow  membranous 
Eustachian  valve.  The  coronary  sinus  opens  posteriorly,  and  at  its  ojjcning 
there  is  a  fenestrated  membranous  valve-hke  structure.  The  right  atrio- 
ventricular orifice  is  6'0  cm.  in  circumference  and  is  guarded  by  a  tricu.spid 
valve.  The  greatest  diameter  of  the  ventricular  chamber  is  3  cm.  In  the 
vicinity  of  the  ajjcx  there  is  a  small  jirominence,  which  is  probabley  the  site 
of  the  undeveloped  intorvciitritular  sejitum.  In  the  upper  portion  of  the 
ventricle  there  is  found  a  single  minute  chorda  tendina.  It  is  on  the  left 
wall,  and  its  upper  attachment  ends  at  the  blind  portion  ^^•here  the  mitral 
valve  should  be  found. 

The  characteristics  of  the  circulation  are  as  follows  :  The  blood  from 
the  superior  and  inferior  venae  cavae,  and  that  from  the  pulmonary  veins 
(vaa  the  foramen  ovale)  enters  the  right  auricle.  From  here  it  passes  through 
the  tricuspid  valve  into  the  single  ventricle.  From  the  ventricle  it  is  pumped 
into  the  large  pulmonary  artery,  a  part  of  it  entering  the  right  and  left 
branches  and  the  remainder  continuing  on  through  the  greatly  dilated 
ductus  arteriosis  to  the  point  where  it  normally  joins  the  systemic  aorta. 
Here  the  stream  again  divides,  part  continuing  down  the  thoracic  aorta, 
and  the  other  portion  turning  to  the  left  enters  the  arch  and  the  mouths  of 
the  vessels  leaving  it,  and  in  a  retrograde  manner  returns  to  the  heart 
musculature  througli  the  small  aplastic  aorta  and  the  coronary  arteries. 
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Fig.   3 


Fig.  3.  Diagrammatic  sketch  of  the  heart  in  the  final  stage  of  development,  illustrating  the  method 
of  formation  of  the  pulmonary  arterj'  and  the  systemic  aorta  from  the  bulbus  cardis  and  the 
connection  of  these  vessels  to  the  right  and  left  ventricle  respectivelj',  the  interventricular 
septum  being  complete.  i?.4=right  atrium;  L.4=left  atrium;  L  J.  F=left  auriculo- 
ventricular  opening;  li A  V=iigbt  auriculo-ventricular  opening;  1?  F= right  ventricle; 
L  F=left  ventricle;   P4=pulmonary  artery;    .4=aorta;   X).-l=ductus  arteriosus. 


Fig.  4.  (Heart  5791.)  Sketch  illustrating  the  character  of  the  deviation  from  normal  in  the 
heart  reported.  if-4=right  atrium  ;  i-4=small  aplastic  atrium  ;  LA  F=left  obliterated 
axuriculo-ventricular  opening;  if .4  F= right  auriculo-ventricular  opening;  F= single 
ventricle;  7S=anlage  of  interventricular  septum;  Pj4=  pulmonary  artery;  4= aplastic 
aorta  ;  £)  .4=  enlarged  ductus  arteriosus;   C. 4=  small  openings  of  the  coronarj'  arteries. 
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The  atj-pical  character  of  the  heart  in  question  is  undoubtedly  the  result 
of  the  closure  of  tlie  left  atrio-ventricular  opening  by  too  complete  a  fusion 
of  the  endocardial  cushions  on  tliis  side  of  the  heart,  together  with  the  failure 
of  development  of  the  interventricular  septum.  There  is  estabUshed  as  a 
result  of  this  imperfection  a  reptiUan  central  circulation  with  universal 
distribution  of  partially  venous  blood.  This  tj^pe  of  heart  is  extremely 
rare  and  is  incompatible  with  human  existence. 


THE    VALUE    OF    VAGAL    STIMULATION    IN    PAROXYSMAL 

AURICULAR    TACHYCARDIA    AS    ILLUSTRATED    IN    AN 

UNUSUAL   CASE. 

By  Dr.  D.  C.  WILSON. 

(From  the  Medical  Clinic  of  the  Peter  Bent  Brighnm  Hospital,  Boston,  Mass., 

U.S.A.) 


It  is  generally  agreed  that  paroxysmal  auricular  tachycardia  is  the  assump- 
tion by  the  heart  of  a  regular  rapid  rhythm  during  which  the  auricle  and 
ventricle  contract  at  the  same  rate.  The  new  rliythm  usually  begins  and 
ends  suddenly.  It  frequently  is  ended  by  stimulation  of  the  vagi  and  is  not 
influenced  by  cUgitaUs  in  contradistinction  to  an  alUed  condition,  auricular 
flutter.  That  paroxysmal  tachj-cardia  seldom  causes  a  cardiac  rate  greater 
than  200  to  225  is  also  true.  The  condition  is  not  usually  accompanied 
bj'  a  severe  symptomatology  or  followed  by  serious  or  permanent  damage. 
Tiglitness  in  the  chest,  shortness  of  breath  and  carcUac  palpitation  are  the 
customary  complaints.  If  the  attack  is  prolonged  the  patient  suffers  more 
severely.  The  prognosis,  however,  is  rarely  considered  grave,  and  the  condition 
is  allowed  to  continue  in  the  majority  of  cases  to  stop  spontaneously. 

The  purpose  of  presenting  this  case  is  to  illustrate  the  possible  emergencies 
that  may  accompany  an  attack  of  paroxysmal  tachj'cardia,  and  the  benefit 
which  may  result  when  the  attacks  are  aborted.  Tliis  patient  suffered  so 
unusually  and  was  so  seriously  crippled  by  his  seizures  that  it  was  imperative 
to  stop  them  immediately. 

Case  No.  2,092. 

H.  W.  R.,  a  white  man  of  38  years,  is  a  baker.  He  entered  the  Peter 
Bent  Brigham  Hospital  on  the  28th  of  December,  1914,  complaining  of  a 
rapid  heart. 

Family  history.  His  father  died  of  shock  at  65  years  of  age.  One 
sister  died  of  tuberculosis.  One  child  is  Uving  and  well,  one  died  at  birth. 
His  wife  is  healthy  and  has  had  no  miscarriages. 
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Habits.     The  man  takes  no  alcohol  and  uses  no  tobacco. 

Past  history.  At  14  years  of  age  he  suffered  from  mumps  and  pneumonia  ; 
he  had  measles  at  23  with  tonsilitis,  and  neuralgia  over  his  right  eye  at  29. 
He  has  never  suffered  from  rheumatic  fever  or  chorea,  and  denies  having 
suffered  from  venereal  disease.  He  states  that  he  has  had  no  cardiac 
symptoms  before  present  Ulness. 

Present  illness. 

First  attack.  The  patient's  heart  beat  rapidlj-  for  the  first  time  in  1911 
and  his  symptoms  were  similar  to  those  on  admission.  The  attack  lasted 
five  days.  It  was  followed  by  blxirred  vision,  diplopia  of  five  weeks'  duration, 
and  loss  of  memory,  which  cleared  up  after  a  year. 

Second  attack.  In  1912  liis  heart  suddenly  assumed  a  rapid  rate.  The 
paroxysm  lasted  eight-and-a-half  days.  He  was  seen  by  Dr.  E.  P.  Joslin 
and  Dr.  Van  Norden  at  the  Boston  City  Hospital.  In  the  sixth  and  seventh 
daj-s  of  the  attack  a  right  hemiplegia  developed  -w-ithout  loss  of  consciousness. 
The  paralysis  cleared  up  in  six  months,  leaving  him  with  right -sided  weakness. 

Third  attack.  This  paroxysm  began  on  March  the  12th,  1913,  and 
continued  until  March  the  22nd.  On  the  20th  of  March  the  patient  develoiied 
pains  in  his  left  forearm.  The  arm  soon  became  pulseless,  discoloured,  and 
evidently  gangrenous.  On  March  the  26th  it  was  amputated  just  below 
the  shoulder  for  "  dry  gangrene." 

Fourth  attack.  The  patient  was  first  seen  by  us  at  the  Peter  Bent 
Brigham  Hospital  on  December  the  28th,  1914.  On  December  the  26th, 
1914,  he  fell  down  stairs,  but  noted  notliing  unusual  until  the  morning  of 
December  the  27th.  His  heart  then  began  to  beat  irregularly,  and  soon 
became  rapid  in  its  action  with  occasional  irregular  periods.  During  these 
irregular  periods  he  felt  dizzy  and  had  pain  over  the  heart,  a  symptom  he  had 
not  previously  experienced.  On  his  entry  into  hospital  on  December  the 
28th  he  was  short  of  breath,  felt  weak,  but  there  was  no  cough  or  orthopnoea. 


Physical  examination. 

He  was  a  weU  developed  and  nourished  man  hnng  in  bed  ;  his  expression 
was  anxious.  The  respirator}-  rate  was  increased  slightly,  but  breathing  was 
not  laboured  ;  the  skin  was  covered  with  profuse  perspiration.  The  heart's 
impulse  was  seen  and  felt  in  the  5th  space  in  the  nipple  fine,  12  cm.  to  the 
left  of  the  middle  line  ;  the  left  border  of  dulness  by  percussion  corresponded  ; 
the  right  border  of  dulness  lay  3  cm.  to  the  right  of  the  middle  fine.  On 
auscultation  a  regular  rapid  rhythm  of  250  to  the  minute  was  counted, 
this  rate  being  confirmed  electrocardiographically  (Fig.    1).     Xo  murmurs 
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were  audible  ;  the  first  and  second  sounds  were  distinct  at  the  base,  but 
only  one  sound  was  to  be  heard  at  the  apex.  The  peripheral  vessels  seemed 
normal  to  palpation  ;  the  systolic  blood  pressure  was  94  and  the  diastolic  86. 
There  were  no  signs  in  tlie  lungs.  The  left  arm  was  missing  below  the  slioulder 
There  was  no  oedema  nor  cyanosis.  The  knee  jerks  were  more  active  on  tiic 
rigtit  than  on  the  left. 

Further  examination  and  course. 
The  Wassermann  reaction  proves  negative.  The  stools  and  urine  are 
normal.  On  December  the  29th  (during  the  attack)  the  leucocytes  numbered 
21,300;  the  hemoglobin  percentage  was  111.  Differential  cell  count: — 
Polymorphonuclears  80  per  cent.,  small  mononuclears  15  per  cent.,  large 
mononuclears  4  per  cent.,  basophiles  1  per  cent.  On  December  the  31st 
(after  the  attack)  the  leucocytes  numbered  7,700.  The  temperature  during 
the  attack  was  101  degrees  F.,  after  the  attack  it  fell  to  98-6  degrees  F. 
On  December  the  29th  vagal  and  ocular  pressure  were  without  effect.  On 
December  the  31st  the  rate  fell  suddenly  to  110  and  the  heart  was  regular. 
On  January  the  1st  the  systolic  blood  pressure  was  100,  and  the  diastolic  GG. 
On  January  the  5th  the  systolic  blood  pressure  was  114,  and  the  diastoHc  84. 
Measurements  of  the  heart  by  X-ray  showed  a  transverse  diameter  during 
the  attacks  of  14-4  cm.,  and  after  the  attack  a  transverse  diameter  of  11-9  cm., 
a  diminution  of  2-5  cm.  (Fig.  2).  Tlic  patient  was  chschargcd  on  January 
the  5th  in  good  condition. 

Fifth  attack.  On  July  the  14th,  1915,  liis  heart  seemed  to  stop  and  then 
resumed  its  beating  at  a  rapid  rate.  The  patient  immediately  came  to  the 
hospital.  His  physical  examination  gave  similar  signs  to  those  found  at 
liis  previous  admission.  The  systohc  blood  pressure  was  84,  and  the 
diastolic  76.  The  cardiac  rate  counted  with  the  stethoscope  and  electro- 
cardiographically  was  235  to  the  minute.  The  attack  was  stopped  by  right 
vagal  compression.  The  cardiac  rate  fell  to  112.  On  July  the  15th  the 
systolic  blood  pressure  was  130,  and  the  diastolic  90;  the  cardiac  rate  had 
fallen  to  90.  The  patient  was  taught  how  to  stimulate  his  own  vagi  and  was 
discharged.  He  again  returned  on  July  the  3rd,  1918,  in  another  attack,  the 
first  for  .several  months.  He  had  pre\4ously  experienced,  however,  several 
attacks  which  he  had  controlled  by  pressing  on  his  carotid  artery.  The 
tachycardia  was  interrupted  at  this  admission  by  the  holding  of  a  deep 
inspiration.  Electrocardiograms  of  the  transition  showed  auricular  tachy- 
carcUa  of  212-77  changing  into  a  ventricular  tachj'cardia  of  22901.  The 
latter  was  follo\^ed  by  the  normal  rhythm  with  frequent  auricular  extra- 
systoles.  The  patient  wrote  in  December,  1919,  that  he  was  suffering  from 
generalised  epileptiform  convulsions.  He  had  experienced  only  two  heart 
attacks,  both  of  which  he  had  controlled.  When  last  heard  from,  the  patient 
stated  that  the  epileptiform  attacks  had  ceased,  and  that  he  could  prevent 
his  heart  from  assuming  a  rapid  rate  by  using  vagal  pressure  when  he  felt 
the  jarodromal  symptoms. 
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Discussion. 

The  rapid  ventricular  rate  of  250  shown  in  this  case  is  very  unusual. 
The  fact  that  auricular  flutter  frequency  has  a  slower  auricular  rate  than  250 
emphasises  the  point  that  it  is  not  the  rate  itself  but  the  type  of  mechanism 
which  differentiates  the  two  conditions.  Although  the  heart  was  contracting 
very  rapidly  it  was  possible  for  three  independent  observers  to  count  the  rate 
accurately-  with  an  error  of  two  beats.  A  further  point  of  interest,  which  may 
throw  Ught  on  the  cause  of  the  gangrene,  the  amnesia  and  the  hemiplegia, 
is  the  observation  that  the  systolic  pressure  and  pulse  pressure  were  always 
very  low  during  the  tachycardia.  The  difference  between  the  diastolic 
and  systoUc  pressures  during  several  attacks  was  but  S  mm.  Hg,  while 
during  the  normal  rhythm  it  was  30  mm.  or  more.  The  unusual  leucocyte 
count  and  the  rise  in  temperature  during  a  paroxysm  are  also  interesting. 
Fig.  2  shows  the  size  of  the  heart  during  and  after  an  attack.  The  dilatation 
here  is  unusual,  as  X-raj'  examinations  of  similar  attacks  in  other  patients 
often  fail  to  show  any  material  enlargement.  The  increase  in  diameter  in 
this  instance  was  probably  due  to  the  extraordinary  rate  and  to  the  weakness 
of  the  heart  muscle  as  evidenced  by  a  strildng  pulsus  alternans  observed  in 
both  brachiograms  and  electrocardiograms. 

The  outstanding  feature  of  the  case,  however,  is  the  emphasis  it  places 
on  the  value  of  vagal  stimulation.  When  an  attack  of  paroxysmal  tachj-cardia 
begins  it  is  impossible  to  jiredict  when  it  will  stop.  The  possible  disastrous 
results  that  may  ensue  make  it  imperative  to  end  the  attack  if  it  is  possible. 
Particularlj'  is  this  true,  if  there  is  poor  peripheral  circulation  as  shown  by  a 
low  pulse  pressure.  The  chief  methods  of  stimulating  the  vagi  which  are 
available  to  the  patient  are  direct  vagal  compression,  ocular  compression 
and  deep  respiration.  Occasionally,  nevertheless,  the  attack  is  not  influenced 
by  any  of  the  above  procedures  until  thej-  have  been  repeated  again  and  again. 
Sometimes  the  paroxysms  defy  all  such  treatment. 


Summary. 

A  case  of  paroxysmal  tachycardia  is  presented,  in  which  the  heart 
dilated  2-5  cm.  diu-ing  the  attack.  Aphasia,  hemiplegia,  gangrene  of  one  arm 
occurred  during  attacks  of  tachycardia.  Epileptiform  convulsions  later 
developed,  which  were  probably  due  to  cerebral  changes  caused  by  the 
previous  paroxysms.  Observations  on  the  pulse  pressure  were  made.  This 
was  foimd  extremely  small,  and  is  considered  responsible  for  the  complications 
from  wMch  the  patient  suffered.  After  the  patient  had  been  taught  to 
control  his  attacks  by  vagal  stimiilation  (direct  pressure  over  the  carotids, 
ocular  pressure,  deep  breathing,  etc.)  they  ceased  to  be  a  menace. 
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FURTHER    OBSERVATIONS    UPON    THE    STATE    OF    RAPID 
RE-EXCITATION   OF   THE   AURICLES. 

By  THOMAS  LEWIS,  A.  N.  DRURY  and  C.  C.  ILIESCU.* 

Methods  of  producing  the  state  of  rapid  re-excitation. 

It  is  known  that  vagal  stimulation  will  often  throw  a  fluttering  auricle,  and 
will  usuallj-  throw  a  fibrillating  auricle,  into  a  state  of  rapid  re-excitation,^  this 
reaction  is  due  to  the  influence  of  the  vagus  upon  the  refractory  period  of  the 
auricular  muscle.  The  refractor}'  period  under  vagal  stimulation  becomes 
greatly  reduced'  and  the  auricle  becomes  capable  of  responding  to  verj-  rapid 
impulses.  This  reaction  has  been  described  fullj'  in  a  previous  communica- 
tion.* It  has  been  shown  also-  that  a  similar  state  is  produced  locally  in  the 
auricle,  as  a  result  of  simple  faradisation  ;  in  this  instance  the  faradic  current 
directly  stimulates  the  vagal  nerve  endings  and  brings  the  muscle  of  this  area 
into  a  condition  in  which  it  is  capable  of  responding  to  the  frequent  shocks  of 
the  faradic  stimuli.  The  state  is  confined  in  the  last  circumstance  to  a  small 
area,  because  the  region  over  which  the  vagal  endings  are  stimulated  is  a 
limited  one  and  the  refractory  period  of  the  auricular  muscle  is  not  universally 
affected. 

Rapid  re-excitation  of  the  whole  auricle  occurs  in  a  variety  of  circum- 
stances ;  it  is  not  a  reaction  peculiar  to  the  fluttering  and  fibrillating  auricle. 

Thus,  it  may  appear  when  the  auricles  are  responding  to  rhjthmic 
shocks  and  the  vagi  are  stimulated ;  such  a  reaction  is  by  no  means 
invariable,  but  it  becomes  more  frequent  as  the  rate  of  rhj-thmic  stimulation 
is  advanced.  It  is  rarely  seen  when  the  rate  of  stimulation  is  less  than  300 
or  400  per  minute,  i.e.,  at  rates  somewhat  lower  than  those  wliich  usually 
jirevail  in  flutter  in  the  dog's  auricle.  On  the  other  hand,  the  reaction  is 
invariable  when  rates  equivalent  to  those  commonly  termed  "  faradic  " 
are  emploj'ed,  i.e.,  2,500  to  3,000  per  minute.  If  the  auricles  are  beating 
in  response  to  rhythmic  stimulation  at  a  rate  of  about  400  per  minute,  the 
vagi  may  be  I'epeatedly  stimulated  ^^ithout  the  reaction  appearing  ;  now 
and  again,  however,  the  state  of  rapid  re-excitation  is  produced.     An  example 

*  Working  on  behalf  of  the  Medical  Research  Council.  The  experiments  here  reported  have 
been  performed  on  dogs,  all  fully  anirsthetised  with  morphia,  paraldehyde  and  ether,  throughout 
the  experiments. 
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is  shown  in  Fig.  4.  In  tliis  the  auricle  is  resiDonding  to  rhythmic  shocks 
at  a  rate  of  420  per  minute  and  has  been  under  the  influence  of  strong  ri"ht 
vagal  stimulation  for  about  10  seconds  ;  the  reaction  occurs  abrupth'.  It 
does  not  usually  occur  when  the  vagal  influence  is  at  its  height ;  thus,  in 
some  animals  it  wiU  happen  repeatedly  as  the  auricle  is  passing  under  the 
influence  of  the  vagus,  or  as  it  begins  to  recover  from  this  influence.  There 
appears  to  be  a  critical  point,  i.e.,  the  state  of  rapid  re  excitation  would 
seem  to  appear  when  the  refractory  period  has  been  reduced  to  a  particular 
level,  a  level  suited  to  the  rate  at  which  the  auricle  is  responding  rhythmically. 
That  this  critical  relation  exists  is  demonstrated  most  clearly  by  the  depend- 
ence of  the  reaction  upon  the  order  of  stimulation.  .Some  auricles, 
responding  rhj-thmically  to  stimulation  at  rates  of  400  per  minute  (most 
auricles  responding  at  rates  of  600  per  minute),  will  invariably  break  into 
the  state  of  rapid  re-excitation  when  the  vagus  is  stimulated  ;  but  if  in  these 
the  vagi  are  first  stimulated  and  the  rhj-thmic  shocks  are  not  apphed  until 
the  auricle  is  fully  under  the  vagal  influence,  the  reaction  is  not  seen,  the 
aiuicle  continuing  to  respond  regularly  to  the  rhythmic  shocks  ;  in  such 
circumstances  the  refractory  period  has  been  reduced  below  the  critical 
point  before  the  rini:hmic  shocks  enter  it. 

Very  rarely,  the  normallj'  beating  auricle  is  thrown  into  the  state  of 
rapid  re-excitation  bj-  vagal  stimulation.  Thus,  in  one  animal,  though  only 
for  a  short  phase  of  the  experiment,  this  reaction  was  seen  repeatedly,  and  is 
portrayed  in  Fig.  5.  Three  normal  beats  (a,  6,  c)  of  the  auricle  are  shown  in 
direct  leads  from  the  base  and  tip  of  the  right  auricular  appendix.  Vagal 
stimulation  begins  shortly  after  the  first  of  these  beats.  The  first  change 
is  the  usual  profound  slowing  of  the  auricle,  but  the  tliird  beat  (c)  is  at  once 
followed  by  the  state  of  rapid  re-excitation.  The  meaning  of  this  very 
occasional  reaction  is  not  clear  ;  being  extremely  rare  it  becomes  very 
difficult  further  to  investigate.  It  is  probable  that  in  auricles  which  display 
it  the  muscle  is  in  an  exceptional  state.  With  this  seeming  exception,  there 
is  a  ver}-  clear  relation  to  the  preliminarj-  rate  of  beating.  It  is  natural  to 
imagine  that  the  relation  may  depend  u^Don  the  interval  separating  succeeding 
stimuh,  an  idea  wliich  is  readily  put  to  the  test  and  confirmed. 

If  under  vagal  stimulation  the  auricle  is  stimulated  rhythmically  at 
rates  of  about  200  per  minute  and  occasional  make  and  break  shocks  are  also 
sent  into  the  same  point,  the  latter  'wiU  faU  at  varj-ing  relations  to  the 
rh3-thmic  shocks.  When  an  occasional  shock  falls  ^^athin  a  certain  distance 
of  a  rhythmic  shock,  the  state  of  rapid  re-excitation  is  set  up  invariably. 
Our  observations  are  given  in  Table  I. 

These  readings  are  taken  from  our  experiments  upon  the  refractory 
period  of  the  heart  under  vagal  stimulation  ;^  each  reading  of  the  table  is 
the  interval  in  seconds  which  separates  a  testing  shock  from  the  last  of  two 
effective  rhji;hmic  shocks.  The  table  includes  readings  of  only  those  testing 
shocks  which  jnelded  responses,  and  such  readings  are  arranged  according 
to  the  type  of  reaction.     To  take  an  example  from  the  present  table,  in 
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TABLE  I. 
Response  to  single  shocks  interrupting  rhythmic  stimulation  oj  auricle  during  vagal  stimt 


Dog        .. 

LP. 

LQ. 

LR. 

LS. 

LZ.        \ 

MH. 

Rate  of 

Stimulation 

235 

220 

204 

208 

180 

205 

0149b 

0140b 

012Gb 

OlGlm 

0117b 

i 

0160m 

0115b 

1 

0136b 

0176m 

0113b 

Single 
Response 

0134b 

0169b 

OUlb 

' 

0126m 

0163m 

0094b 

0138b 

0189m 

0115m 

0147m 

0092b 

0U6mt 

0108m 

0134m 

0102m 

01 46m 

0091b 

0144m 

0097b 

0099m 

0102m 

0-1 23m 

0088b 

0135m 

0093m 

0093m 

0094b 

on  3m 

0084b 

0-128m 

0087m 

0073m 

0-083m 

0086b 

0076b 

OOSSbf 

0096m 

0077m 
0073b 

Double 

0073b 

Response 

OOGOm 

0044b 

0071b 
00o9in 
0  050m 

0068ra 

0084m&b 

0071m 

0065b 

0059b 

0065b 

006-m 

0083m 

0069m 

0052b 

0041b 

0062b 

0062m 

0062b 

0040b 

0036ra 

0057b 

Rapid 

0054b 

00o8b 

0047m 

0031m 

0040b 

re-excitation* 

0051b 

0048b 

0033m 

0029b 

0039b 

0051b 

0046m 

0043m 

0033b 

0025b 

0-036b 

0048b 

0045b 

0033b 

001  Sb 

0034b 

0048m 

0042m 

0029ra 

0030b 

0016b 

0029b 

0037m 

0038m 

0020b 

002Sb 
0025b 

0028b 

Absolute 

refractory 

0-03C 

0030 

0020 

0024 

0014 

0028 

period 

*  In  a  few  instances,  the  auricle  failed  to  respond  when  the  reading  approaeliod  that  of  tlio 
absolute  refractory  period.  This  occurred  in  the  case  of  dogs  LQ,  L  S  and  M  11  (see  Table  I  of 
our  previous  article  (')). 

t  m  =  response  to  make  and  b  =  response  to  break  shock. 

dog  L  P  the  absolute  refractory  period  measured  003G  of  a  second  under 
vagal  stimulation  (see  Table  I  of  the  previous  communication^).  All  testing 
shocks  falhng  from  0036  to  00G8  of  a  second  after  the  last  rhj^thmic  shock 
gave,  not  a  single,  but  a  multiple  response  (rapid  re-excitation).  All  testing 
shocks  falling  outside  these  hmits  failed  to  yield  a  multiple  response.  FalHng 
at  0069  and  at  0088  of  a  second,  the  response  was  double,  falling  at  0  128 
of  a  second  and  over,  the  response  was  invariably  single.  The  remaining 
experiments  of  the  table  display  similar  reactions.  The  time  reacUng  for  the 
last  multiple  resijonse  is  relatively  consistent,  Ij'ing  as  it  does  between  0059 
and  0084  of  a  second  ;  it  averages  0069  of  a  second.  When  the  dog's 
auricle  is  fulh-   under   vagal   stimulation,   and   is   responding  regularlj-   to 
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rhytlnnic  shocks  at  rates  averaging  about  200  per  minute,  the  cycle  (length 
0-3  of  a  second)  is  divisible  into  three  periods.  There  is  a  period  of  absolute 
refractoriness,  having  an  average  duration  of  0025  of  a  second ;  there  is  a 
period,  immediately  beyond  this,  which  averages  about  0044  of  a  second  in 
length  (up  to  0  069  of  a  second)  during  which  a  single  shock  creates  a  multiple 
response.  From  0069  of  a  second  to  the  end  of  the  cycle,  i.e.,  a  period  of 
0-231  of  a  second,  a  single  shock  jields  with  few  exceptions  a  single  response. 
The  exceptions,  a  pair  of  beats  constituting  a  double  response,*  are  not 
alwaj's  seen  ;  they  lie  usually,  as  the  table  shows,  in  an  intermediate  zone, 
between  that  of  single  and  multiple  responses.  In  some  instances  (readings 
0044  and  0050)  these  double  responses  fall  in  the  zone  in  which  multiple 
response  is  anticipated,  in  one  instance  (reading  0096)  in  the  zone  in  which 
a  single  response  is  anticipated  ;  otherwise  their  arrangement  is  orderlj'. 
More  important  is  the  sharpness  with  wliich  the  reaction  by  multiijle  response 
ends.  The  multiple  response  is  invariable  when  the  interval  stands  at  006 
of  a  second  or  less  ;  an  interval  of  tliis  length  exists  between  the  beats  when 
the  auricle  is  responding  to  rhythmic  shocks  at  a  rate  of  1,000  per  minute. 
We  should  expect  to  find  that  if  the  auricle  is  first  brought  fully  under  vagal 
control  and  then  stimulated  rhythmical^  at  this  rate  or  at  higher  rates, 
that  the  setting  up  of  rapid  re-excitation  would  be  invariable.  This,  as  we 
shall  see,  actualh'  proves  to  be  the  case. 

A  parallel  reaction-f  to  those  last  described  has  been  recorded  by  ISIines,^ 
who  worked  with  the  cooled  and  perfused  rabbit's  ventricle  beating  in 
response  to  natural  impulses.  I\Iines  showed  that  if  single  shocks  were  sent 
into  the  ventricle  beating  under  these  conditions,  a  j>roperly  timed  stimulus 
immediatelj'  sets  up  a  continuous  and  rapid  action  of  the  ventricles.  His 
remarks,  and  the  figures  which  illustrate  them,  indicate  that  the  shock  must 
enter  at  a  critical  instant  (or  during  a  very  short  critical  period),  namely, 
immediately  at  the  close  of  the  refractory  period.  He  states  that  if  the 
shock  falls  later  it  merely  induces  an  extrasystole  ;  this  is  not  precisely 
true,  for  his  own  figures  clearly  show  that  there  is  a  short  period  during  wliich 
a  single  shock  gives  two  responses.  Very  similar  reactions  have  been 
repeated  in  much  detail  by  de  Boer,i  who  worked  ^^ith  the  anemic  frog's 
ventricle.  In  these  experiments  of  Jlines  and  de  Boer  the  muscle  is  responding 
rhj-thmically,  and  an  extra-stimulus  falls  prematurely  upon  it  and  provokes 
the  state  of  rapid  re-excitation.  In  our  experiments,  is  the  reaction  dependent 
upon  a  series  of  rhj-thmic  shocks  being  followed  by  a  premature  shock,  or 
are  the  last  two  shocks  of  the  series  if  properly  coupled  suflScient  to  produce 
it  ?  This  question  has  been  tested  by  using  a  long  pendulum,  which,  in  its 
swing,  knocks  over  a  pair  of  break  keys.  The  keys  may  be  set  at  appropriate 
and  graduated  distances  from  each  other,  and  thus  two  break  shocks  are 
thrown  into  the  muscle  at  an  interval  which  may  be  varied  at  will.     The 

*  The  response  is  by  1,  2  or  very  many  beats.     We  have  never  seen  3  or  4  responses, 
t  Though  the  heart  was  not  under  vagal  stimvilation. 
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TABLE  II. 
liesponse  of  auricle  to  two  shocks  during  vagal  stimtilaiion.     {Shocks  apart  i 


Dog 

ML. 

MM. 

MN. 

MO. 

0163 

0-158(4) 

0105 

0163 

0-150(2) 

01(58 

0098 

0153 

0-142 

Single  response  to 

0123 

0098 

0153 

0-142 

second  shock. 

0114 

0098 

0145 

0-133 

0114* 

0095 

0145 

0118 

DUO* 

0091 

0139(2) 

0118 

0106* 

0090 

0139 

0-110 

0094  D.R. 

0090  R.Re 

0130(2)  R.Re 

0-110  D.R. 

0091  S.R. 

0090(2)  D.R. 

0130  S.R. 

0-110  S.R. 

0086  D.R. 

0090  R.Re 

0125(2)  D.R. 

0-103  S.R. 

Variable  response 

0079  R.Re 

0086(2)  R.Re 

0122  S.R. 

to  second  shock. 

0077  (2)D.R.+ 

0086(2)  S.R. 

0122  D.R. 

0102  R.Re 

0074  (2)  R.Re 

0079  R.Re 

0114  R.Re 

0-102  S.R. 

0071  D.R. 

0078  S.R. 

0113  S.R. 

0-102  S.R. 

0070 

0074 

0105(2) 

0094  (2) 

0068 

0070 

0-087(2) 

0061 

0062 

0098  (2) 

0079  (2) 

0052 

0056 

0090  (2) 

0072  (2) 

0046 

0083  (2) 

0064  (2) 

Rapid  re -excitation 

0076  (4) 

0-056  (2) 

the  invariable 

0-049  (2) 

response. 

0038 

0049 

0067  (2) 

0-041 

0030 

0041 

0034  (2) 

0027 

0032 

0060  (2) 

0026 

0022 

0025 

0053 

0-022  (2) 

0019 

0019 

0018(2) 

0018 

0014 

0033 

0016 

0016 

0013 

0030 

0-016 

0014 

0009 

0027 

0-015 

No  response  to 

0013 

0007 

0024 

second  shock. 

1 
1 

1 

0-020 
0017 
0013 
0010 

*  Either  single  or  double  responses. 

t  The  number  in  brackets  indicates  that  the  obsorvt 
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coupled  shocks  are  thrown  in  when  the  auricle  has  been  brought  to  a  complete 
standstill  by  vagal  stimulation.  The  reactions  are  stated  in  Table  II.  They 
are  similar  to  those  last  described.  If  the  second  shock  falls  during  the  period 
of  absolute  refractoriness  wliich  follows  response  to  the  first  shock  (a  period 
varjang  from  0-017  to  0-043  of  a  second)  it  fails  to  j-ield  a  second  response. 
If  the  two  shocks  are  separated  by  greater  time  intervals,  the  multiple 
response  is  constant  up  to  certain  time  limits  (varjing  in  our  experiments 
from  0-070  to  0-109  of  a  second  from  the  beginning  of  the  cj'cle).  If  the 
separation  of  the  shocks  is  greater  still  the  reaction  becomes  variable  ;  over 
a  period  of  about  0-02  of  a  second,  single,  double  and  occasional  multiple 
responses  are  seen.  When  the  interval  between  the  shocks  is  greater  than 
about  0-10  (exceptionally  0-130)  of  a  second,  the  second  shock,  Uke  the  first. 
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always  yields  a  single  response.  Examples  of  the  curves  are  shown  in 
Figs.  6,  7,  8  and  9.  In  each  of  these  figures  the  top  record  signals  the  break 
shocks.  The  downward  movement  of  the  string  signals  the  first,  and  the 
returning  or  upward  movement  of  the  string  the  second  break  shock.  The 
lower  records  show  the  response  of  the  auricular  muscle,  and  were  recorded 
from  paired  contacts  placed  directly  upon  the  muscle.  In  each  instance 
the  auricle  was  fully  under  the  influence  of  the  vagus.  In  Fig.  6  the  two 
break  shocks  fall  with  an  interval  of  00149  of  a  second  between  them  and  a 
single  response  {a)  is  shown.  The  interval  of  stimulation  is  widened  to 
0-0183  of  a  second,  and  the  response  is  multiple  (a.  6,  c,  d,  etc.,  of  Fig.  7). 
The  interval  is  gradually  widened  further  (Table  II,  Dog  310)  and  the 
multiple  responses  are  invariably  obtained  up  to  00942  of  a  second  (Fig.  8). 
In  Fig.  9  the  interval  is  0- 1030  of  a  second,  and  a  single  response  (6)  to  the 
second  shock  is  shown. 

An  example  of  double  response  to  the  second  shock  is  shown  in  Fig.  14. 
The  first  shock  jdelds  response  a,  the  second  shock,  falhng  0094  of  a  second 
later,  ^-ields  resjjou.ses  6  and  c. 

The  mechanism. 

However  produced,  the  state  of  rapid  re-excitation  is  of  the  same  nature. 
The  rate  of  beating  rises  abruptly  and  very  considerably  ;  it  continues  so 
long  as  the  vagi  are  stimulated.  The  maximal  rates  attained  may  be  3,000 
or  even  3,500  per  minute  ;  usually  they  range  from  1,500  to  2,500  a  minute. 
The  rate  of  rapid  re-excitation  falls  gradually  when  vagal  stimulation  is 
withdrawn  and  the  auricle  breaks  back  either  to  normal  rhythm,  flutter,  or 
fibrillation,  as  has  been  described  jireviously.* 

The  following  examples  of  the  actual  mechanism  during  the  rapid  action 
will  suffice  as  illustrations.  The  top  string  in  Fig.  12  records  the  rhythmic 
and  occasional  testing  shocks  ;  the  record  also  shows  electrograms  from  two 
pairs  of  contacts  placed  on  the  right  auricle,  in  line  with  the  point  stimulated 
(P  being  from  the  pair  proximal,  and  D  the  pair  distal,  to  the  point  stimulated). 
The  Z  contact  of  each  pair  lay  towards  the  point  stimulated  and  the  contacts 
were  separated  by  a  distance  of  8  mm.  The  auricle  responds  regularly 
to  rhythmic  break  shocks  (rb)  ;  an  extra  break  shock  (6)  falls  just  before  the 
third  rhythmic  shock  of  the  record,  and  these  together  set  up  the  state  of 
rapid  re-excitation.*  The  record  consists  of  a  series  of  rapid  intrinsic 
deflections.  As  these  succeed  one  another,  the  rate  increases,  until  at  the 
end  of  the  curve  it  has  risen  to  about  1,600  per  minute.  Throughout  the 
whole  of  this  curve  the  deflections  maintain  a  constant  direction,  all  the 
excitations  which  they  represent  proceed  from  the  direction  of  the  point 
originally  stimulated  and  travel  over  the  line  of  the  four  contacts,  striking 

*  In  Table  I  we  do  not  enter  examples  of  this  kind,  but  only  those  in  which  the  occasional 
shock  is  coupled  with  the  preceding  rhythmic  shock. 
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them  ill  the  order  of  their  proximity  ;  it  is  a  reUitively  simple  example.  The 
lengtlis  of  the  cycles  of  tlie  two  curves  are  \^Titteii  above  each,  and  the 
transmission  intervals  between.  These  readings  and  their  continuation  are 
given  in  Table  III  (MI,  4). 

It  is  to  be  emphasised  that  the  excitation  wave  which  strikes  the 
proximal  contact  is  the  same  as  that  which  .strikes  tlic  distal  one  ;  this  is 
indicated  by  the  lengths  of  the  cycles  in  the  two  curves.  These  vary  together 
in  lengtli  ;  thus,  the  9th  cycle  in  each  curve  is  of  unusual  length  and  measures 
0073  of  a  second.  It  is  also  to  be  noticed  that  the  transmission  intervals 
remain  constant  throughout  that  jjortion  of  the  record  upon  which  they  are 
wTitten,  and  that  they  are  of  the  same  value  as  the  transmission  intervals 
prevailing  when  the  auricle  was  responding  to  the  preUminary  rhythmic 
shocks.  In  this  instance  it  is  clear  that  the  area  originally  stimulated  is 
also  tiie  area  from  wliicli  the  waves  are  propagated  tluring  the  state  of  rapid 
re-excitation.  The  maintenance  of  the  original  transmission  intervals  in 
tliis  record  is  of  interest  because  it  suggests  that,  although  the  rate  of  beating 
has  increased  from  197  to  1,415*  per  minute,  the  rate  of  fibre  conduction  has 
remained  almost  undisturbed.  We  say  "  undisturbed  "  because  the  intervals 
are  so  constant,  we  say  "  almost  undisturbed  "  because  the  deflections  are 
not  quite  constant  in  amplitude  and  form  ;  the  excitation  waves  all  start  from 
the  same  point,  or  from  the  same  .small  area,  and  the  variations  in  amplitude 
are  to  be  ascribed  to  slight  aberrations  of  the  waves  as  they  cross  the  contacts, 
aberration  which  is  sufficient  slightly  to  modify  the  form  and  height  of  the 
deflections,  but  insufficient  materially  to  change  the  intervals  of  transmission. 
The  later  transmission  intervals  (see  Table  III)  increa.se  sUghtly  but  definitely 
in  length  as  the  rate  further  advances,  thus  confirming  the  viev,-  that 
aberration  is  happening.  Curves  such  as  these  distinctly  suggest  that, 
pro\'iding  the  refractory  period  is  sufficiently  reduced,  the  auricular  muscle  is 
capable  of  conducting  excitation  waves  unimpairedly  over  distances  of  at 
least  8  mm.  at  rates  up  to  1,400  per  minute.  The  curves  cannot  be 
held  to  j)rove  this,  but  tliey  strongly  suggest  it,  and  thus  lend  support  to  the 
evidence  which  we  have  previously  obtained,  namely,  that  changes  in 
conduction  manifested  at  and  induced  by  liigh  rates  of  beating  are  always 
brought  about  by  conflict  between  the  crest  of  the  excitation  wave  and  the 
partially  refractor}'  muscle.  The  jircsent  curve  is  to  be  explained  on  this 
basis  ;  the  auricle  appears  to  be  conducting  impulses  at  a  little  more  than 
the  maximal  rate  at  which  conduction  can  be  carried  on  unimpairecUj'. 
The  waves  are  flo\^"ing  through  tissue  in  a  state  of  very  partial  refractoriness. 

Fig.  10  is  a  second  example,  being  taken  in  similar  circumstances  from 
another  animal  and  showing  very  similar  events.  The  state  of  rapid 
re-excitation  is  set  up  by  a  single  make  shock  (/«)  following  shortly  upon  a 
rh}-thmic  break  shock  (rb).  The  direction  of  the  intrinsic  deflections  is 
maintained  and  the  transmission  intervals  remain  constant  for  a  few  cycles  ; 

*  This  rate  is  calculated  from  the  cycle,  which  has  a  length  of  00424  of  a  second. 
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but  at  the  Sth  cycle  (deflections  1-1)  tlierc  is  a  relatively  abrupt  change, 
although  the  rhythm  remains  almost  constant.  The  transmission  interval 
falls  sharply  from  0081  of  a  second  to  zero  (see  Table  III),  and  coincidently 
the  intrinsic  deflection  in  the  proximal  curve  becomes  inverted,  incUcating  a 
gross  cliange  in  the  direction  from  wliich  the  excitation  wave  reaches  these 
proximal  contacts.  The  wave  now  enters  between  the  two  pairs  of  contacts 
and  spreads  from  this  mid-region  over  both  pairs  centrifugally.  Tlie 
excitation  wave  has  swerved  notably  in  its  course.  This  record  and  the  last 
described  sufficiently  illustrate  the  sinuous  course  which  the  excitation  waves 
sooner  or  later  display  during  the  progress  of  the  state  of  rapid  re-excitation. 
In  many  instances,  the  full  state  of  re-excitation  is  recorded  eventually  as  an 
extremely  irregular  and  finely  cat  curve,  such  as  is  seen  in  the  later  phases  of 


I.\/C. 
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Fig.  1.  Dog  M I.  (Record  16.)  A  diagram  constructed  from  the  measuiements  of  jjart  of  tlio 
record  sho\\Ti  in  Fig.  11  ;  and  illustrating  the  position  of  the  contacts  from  which  the  electro- 
grams -nere  taken,  relative  to  the  point  stimulated.  The  arrows  are  drami  above  or  below 
tlie  corresponding  base  lines  according  as  the  deflections  of  the  curves  were  upwardly  or 
downwardly  directed.  The  direction  in  which  an  arrow  pouits  indicates  the  direction  taken 
by  the  excitation  wave  across  the  corresponding  contacts.  Tlie  lengths  of  the  cycles  are 
written  above  each  curve  in  decimal  points  of  a  second,  the  transmission  intervals  between  tlie 
curves.  Z  is  the  contact  which,  when  joined  to  tlie  zinc  terminal  of  a  copper-zinc  couple, 
jields  an  upright  deflection  in  tlie  resultant  galvanometric  curve. 


Fig.  10.  This  final  mechanism  cannot  be  analysed  directly,  but  it  seems  to  us 
sufficiently  explained  if  we  assume  that,  as  the  rate  rises,  the  sinuous  courses 
of  the  waves  become  more  pronounced.  It  is  the  rule  that  the  greater  the 
rate  the  more  gross  is  the  irregularity  ;  when  low  rates  prevail  and  are 
maintained  the  analysis  may  be  accompUshed  easily,  for  in  such  instances  the 
waves  are  relatively  regular,  though  never  entirely  so. 

In  the  examples  so  far  described,  the  waves  propagated  during  tlie 
state  of  rapid  re-excitation  come  from  the  region  of  muscle  originally 
stimulated.  But  this  is  not  always,  or  even  usually,  the  case.  To  illustrate 
this  statement  we  use  Fig.  11.  This  record  is  charted  in  Fig.  1,  in  which 
the  relative  position  of  contacts  and  stimulating  electrodes  is  also  shown. 
The  records  were  taken  from  two  pairs  of  contacts,  the  one  placed  on  the 
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body  of  the  auricle  and  the  other  upon  the  inferior  cava,  the  two  pairs  being 
in  line  with  the  point  stimuhvted  and  20  mm.  apart.  The  right 
auricuhxr  appendix  was  stimulated  with  rhythmic  shocks  at  a  rate  of  190 
per  minute ;  and  the  rapid  re-excitation  was  started  by  means  of  a 
single  shock  to  which  the  first  premature  deflection  (e)  is  a  response.  The 
responses  to  the  rhythmic  shocks  and  to  the  single  shock  appear  as  excitation 
waves  (b-e)  which  flow  directly  over  the  four  contacts,  as  indicated  h\  the 
broken  arrow  in  the  cUagram  of  contacts  to  the  right  in  Fig.  1.  The  rate 
at  which  these  four  excitation  waves  are  transmitted  across  the  contacts  is 
identical.  The  first  re-entrant  wave  takes  a  different  direction,  as  do  all 
those  which  succeed  it.  The  original  transmission  interval  of  003  of  a  second 
changes  to  a  minus  quantity  of  00035  of  a  second.  The  intervals  remain 
at  about  zero  for  the  rest  of  the  chart.  The  excitation  waves  strike  the 
inferior  caval  contacts  in  the  original  cUrection,  they  strike  the  contacts  on 
the  bod}'^  of  the  auricle  in  a  reversed  direction.  Briefly,  the  excitation 
waves  now  come  from  the  muscle  between  the  two  pairs  of  contacts  and 
spread  centrifugally  from  tliis  central  region  (the  course  marked  bj'  the 
unbroken  arrows,  in  the  diagram  of  contacts).  It  is,  of  course,  conceivable 
that  the  re-entrant  waves,  which  strike  the  contacts  from  a  new  direction, 
may  have  come  originally  from  the  appendix,  swerving  in  their  passage ; 
but  it  would  be  necessary  to  assume  a  swerve  too  constant  in  tj-pe  to  admit 
tliis  explanation.  It  is  far  more  probable  that  the  rapid  re-excitation 
actually  originates  in  the  mid-region  in  tliis  instance.  In  support  of  this 
contention  is  the  fact  that  the  change  of  direction  comes  with  the  first 
spontaneous  beat  of  the  auricle  (i.e.,  /,  that  wliich  follows  the  response  (e) 
to  the  premature  shock).  In  further  support  is  the  definite  pause  (00999 
of  a  second)  which  precedes  the  first  deflection  of  the  rapid  re-excitation  in 
the  auricular  curve  ;  for  such  a  pause  would  be  anticipated  if  re-entr}'  was 
affected  at  some  distance  from  the  point  stimulated.  A  similar  pause, 
followed  by  a  state  of  rapid  re-excitation,  during  which  there  is  from  the 
first  a  reversed  direction  of  the  deflections,  is  to  be  seen  in  Fig.  8  (between 
deflections  b  and  c). 

Distance  travelled  by  the  ivni^es.  In  discussing  Fig.  12,  it  has  been 
jjointed  out  that  each  wave  is  represented  in  two  records  taken  from 
points  8  mm.  apart.  In  the  case  of  Fig.  11  the  distance  was  greater, 
namely,  20  mm.  In  several  experiments  we  have  placed  a  pair  of 
contacts  on  the  inferior  cava,  beyond  the  reflection  of  the  pericardium,  and 
another  pair  on  the  tip  of  the  right  appendix.  If  the  state  of  rapid  re- 
excitation  is  now  set  up  by  stimulating  the  body  of  the  auricle,  it  is  found 
that  the  waves  which  reach  the  widely  separated  recording  contacts  always 
correspond.  We  illustrate  this  statement  by  Fig.  13  and  Table  IV.  In 
Fig.  13  the  auricle  is  responding  to  rhythmic  break  shocks  {s)  ;  a  single 
extra  shock  (o-s)  falls  a  httle  before  the  fourth  rhji:hmic  shock,  and  these 
together  set  up  the  rapid  re-excitation.     Tlie  analysis  of  this  curve  is  given 


320  LEWIS,     DRURY    AND    I  LIE  SOU. 

in  Table  IV.  If  the  interintrinsic  intervals  of  the  two  columns  (iS.  V.C.  and 
App.)  are  examined  it  will  be  seen  that  corresponding  variations  in  Icngtli 
are  found  in  the  two  curves  ;  they  do  not  correspond  precisel}',  it  is  true — 
that  is  not  to  be  expected — but  they  correspond  more  than  sufficiently  to 
estabUsh  our  conclusion.  We  find  tliis  correspondence,  when  separate 
regions  of  the  auricle  are  compared,  to  be  invariable  whenever  the  curves 
are  of  sufficiently  simple  form  to  permit  analysis  ;  it  is  certainly  present 
up  to  rates  of  approximately  2,000  per  minute,  and  very  probably  extends 
beyond  this  range.  The  beating  of  the  auricle  as  a  whole  during  the  state 
of  rapid  re-excitation  thus  proves  to  be  a  co-ordinate  one. 

Conduction  at  high  rates.  It  has  been  stated  that  frequently  at  the 
onset  of  the  state  of  rapid  re-excitation,  the  transmission  intervals  remain 
constant,  although  the  rate  at  which  the  auricle  beats  rises  from  200-300  per 
minute  to  1,000  or  1,400  per  minute.  From  this  it  has  been  inferred  that  the 
fibres,  while  under  the  influence  of  the  vagus,  are  able  normally  to  conduct 
impulses  at  these  very  advanced  rates.  But  the  inference  does  not  constitute 
proof,  for  it  is  not  certain  that  at  the  low  and  high  rate  of  beating  the  excita- 
tion waves  pursue  precisely  the  same  course  across  the  contacts.  To 
investigate  tliis  matter  further  we  place  two  pairs  of  contacts  upon  the 
auricle  in  line  with  a  pair  of  stimulating  electrodes,  and  proceed  to  stimulate 
rhythmically  at  advancing  rates  while  the  auricle  is  kept  fully  under  vagal 
stimulation.  As  stated  at  an  earher  stage,  it  is  essential  that  the  vagi 
should  be  stimulated  first  and  that  the  refractory  period  be  reduced  to  and 
maintained  at  a  minimal  point  before  the  rhythmic  shocks  are  allowed  to  enter 
the  muscle  ;  otherwise  a  state  of  rajjid  re-excitation  is  set  up  long  before 
the  maximal  rate  of  rhythmic  stimulation,  to  which  the  auricle  is  capable 
of  responding,  is  reached.  A  single  record  (Fig.  15)  may  suffice  as  an 
illustration  of  our  table.  It  shows  the  auricular  muscle  responding  regularlj- 
to  rliythmic  shock  at  a  rate  of  about  .880  per  minute.  The  shocks  (s)  are 
shown  on  the  curve  from  the  proximal  contacts  (P)  and  the  sixth  and 
succeeding  shocks  were  allowed  to  enter  the  auricular  muscle  while  the  latter 
was  at  a  standstill  under  vagal  stimulation.  Providing  the  precaution 
named  is  observed,  the  rate  to  wliich  the  auricle  will  respond  regularly  can 
be  shown  to  surpass  1,000  per  minute  (see  Table  V).  The  maximal  rate 
attainal)le  varies  in  different  experiments,  it  hes  above  GOO  per  minute  ;  and 
may  be  as  high  as  1,100  per  minute.  The  degree  to  which  the  rate  may  be 
raised  is  Hmited  eventually  by  the  onset  of  the  state  of  rapid  re-excitation  ; 
at  the  liighest  rates  of  stimulation  the  auricle  responds  for  a  short  wliile 
(there  may  be  six,  ten  or  more  regular  responses)  and  re-excitation  supervenes 
and  brings  the  observation  to  an  end.  The  transmission  intervals  may  be 
measured  over  long  stretches  of  curve  at  rates  slightly  below  the  maximal 
limit,  and  over  the  oj^ening  stretch  of  curve  at  the  maximal  rate  ;  as  Table  V 
shows,  they  manifest  no  increase,  remaining  uniform  from  the  lowest  to  the 
highest  rates  of  rhythmic  response  recorded.     Thus  it  is  proved  that  the 
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'  Rapid  re-oxcitation  occurred  after  tho  auricle  had  responded  regularly  for  a  short  while. 


auricular  muscle  fibres  are  capable  of  unimpairedly  conducting  excitation 
waves  which  follow  each  other  at  rates  up  to  1 , 1 00  per  minute.  That  they  are 
capable  of  normally  conducting  for  short  distance  waves  wliich  succeed  each 
other  even  more  rapidly  is  liighly  probable,  if  not  certain.  We  have  examined 
a  large  series  of  the  plates  upon  wliich  our  observations-''  on  the  length  of  the 
absolute  refractory  period  under  vagal  stimulation  are  based,  and  have 
measured  the  stimulus  to  intrinsic  intervals  of  the  premature  responses. 
These  premature  responses  are  responses  to  the  single  interrupting  shocks 
thrown  into  an  auricle  which  is  responding  regularly  to  rhythmic  stimulation, 
and  these  single  shocks  fall  with  varying  time  relations  to  the  last  rhythmic 
shock.  The  stimulus  to  intrinsic  interval  of  the  premature  resjionse  remains 
unchanged  until  the  interval,  between  the  sliock  3delding  this  premature 
response  and  that  which  yields  the  preceding  rhj'thmic  response,  is  reduced 
almost  to  the  length  of  the  absolute  refractory  period.  It  is  thus  shown  that 
normal  conduction  over  short  stretches  of  muscular  tissue  may  prevail,  when 
a  second  wave  succeeds  a  first  by  so  short  a  time  interval  as  003  or  004  of  a 
second,  intervals  which  are  equivalent  to  rates  of  beating  up  to  1,500  or 
2,000  per  minute. 

In  the  light  of  these  facts  we  may  conclude  that  there  is  no  known  rate 
of  response  at  which  the  rate  of  fibre  conduction  is  depressed  ;  and  that, 
providing  the  refractory  period  be  sufficiently  reduced,  the  auricular  tissue 
will  normally  convey  excitation  waves  for  long  distances  when  the  excitation 
waves  succeed  each  other  as  rapidly  as  1 ,000  beats  per  minute,  and  for  short 
distances  when  they  succeed  each  other  at  rates  of  2,000  per  minute.  We 
further  draw  the  general  conclusion  that  the  speed  of  conduction  through  a  fibre 
is  uninfluenced  by  the  rate  at  which  excitation  waves  succeed  each  other  in 
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passing  through  it  ;  conduction  or  non-conduction,  is  controlled  in  these 
circuni,stances  solely  by  the  length  of  the  fihre's  refractory  period.  If  the  fibre 
responds  at  all  it  will  conduct,  and  it  will  conduct  at  a  normal  speed. 

While,  on  the  one  hand,  we  possess  what  we  regard  as  conclusive  evidence 
that  fibre  conduction  in  the  mammalian  auricle  is  unaffected  by  the  rate  of 
its  response  ;  on  the  other  hand,  there  are  abundant  evidences  that  under 
vagal  stimulation  there  is  a  limit  to  the  rate  at  which  impulses  are  successively 
and  normally  transmitted  from  point  to  i^oint  in  the  auricular  muscle. 
When  the  state  of  rapid  re-excitation  sets  in  and  the  rate  of  response  rises  to 
about  1,000  or  more  per  minute,  the  deflections  of  the  electrocardiograms 
are  never  regular  in  ampUtude.  Exceptionally  they  may  be  nearly  so  at 
rates  up  to  1,500  (see  Fig.  13),  but  the  regularity  is  not  quite  perfect. 
Even  at  lower  rates,  irregularity  of  amplitude  may  be  seen  ;  thus  in  Fig.  15, 
although  the  auricle  is  uninterruptedly  responding  to  rhythmic  shocks  at  a 
rate  of  880  per  minute,  the  height  of  the  deflections  is  not  quite  constant. 
These  variations  in  amplitude  are  parallel  to  those  which  are  seen  when, 
vagal  tone  being  normal,  the  auricle  is  responding  to  much  lower  rates  of 
stimulation.  The  last  have  been  subjected  to  close  study,  and  it  has  been 
concluded  that  they  are  due  to  refractory  islets  or  isolated  refractory  fibres 
which  remain  imresponsive  as  the  excitation  wave  passes.  Thus,  similar 
phenomena  are  witnessed  when  the  uninfluenced  auricle  is  responding  to 
rapid  and  rhythmic  shocks,  and  when,  under  vagal  stimulation,  it  is  responding 
to  impulses  at  extreme  rates.  As  the  rate  is  raised,  the  ciu-ves  become 
irregular,  and,  simultaneously  or  at  a  slightly  higher  rate  of  response,  distinct 
evidence  is  obtained  that  the  coiu-se  of  the  waves  is  no  longer  linear  but 
sinuous.  Now  it  is  scarcely  to  be  doubted  that  the  two  series  of  parallel  events 
are  brought  about  in  similar  fashion,  and  that  the  irregularity  in  the  curves 
of  rapid  re-excitation  is  also  due  to  small  barriers  of  refractory  fibres.  The 
difference  between  the  two  forms  of  response  is  cliiefly  one  of  rate,  and  is 
controlled  by  the  duration  of  the  refractor}-  periods  in  and  out  of  vagal 
inhibition.  Thus  we  are  brought  to  the  conclusion  that  although,  when  the 
vagi  are  stimulated,  the  absolute  refractory  period  of  the  muscle  is  greatly 
reduced,  j'et  it  is  terminated  by  a  period  of  partial  refractoriness  ;  and  that, 
if  the  rate  of  response  is  sufficiently  high,  the  impulses  enter  muscle  in  which 
certain  fibres  have  not  yet  regained  their  responsiveness,  the  wave  in  travelling 
avoiding  these  fibres  and  thus  acquiring  its  sinuous  course.  There  appears, 
however,  to  be  some  difference  in  the  constitution  of  this  partial  refractoriness 
in  and  out  of  vagal  inliibition.  When  the  auricle  is  not  under  the  influence 
of  the  vagus  and  the  rate  of  rhythmic  stimulation  surpasses  200  per  minute, 
the  state  of  partial  refractoriness  varies  sufficientlj'  in  its  density  from  cycle 
to  cj'cle  to  }-ield  discrepancies  in  the  readings  of  the  absolute  refractory 
period.  These  discrepancies,  or  overlaps,  in  the  readings  are  well  displayed 
in  Table  II  of  a  former  paper  f  they  are  confined  to  the  earliest  phases  of 
recovering  responsiveness.     In  measuring  the  length  of  the  absolute  refractory 
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period  under  vagal  stimulation  such  discrepancies  arc  rarely  seen*  (see 
Table  I  of  the  earlier  paper'  ;  in  Table  I  of  the  present  paper  the  discrepancies 
are  omitted).  It  is  necessary,  therefore,  in  postulating  a  partially  refi-actory 
period,  as  an  explanation  of  irregularities  in  the  two  circumstances,  to 
acknowledge  that  under  vagal  stimulation  the  partially  refractory  period 
which  is  developed  is  less  dense,  or  at  the  least  to  assume  that  that  phase  of  it 
which  is  most  tlense  is  of  very  fleeting  duration.  Except  for  this  ciualiticationf 
the  two  partially  refractory  states  of  which  we  speak  appear  to  be  alike. 

The  origin  of  the  {<fate  of  rapid  re-exxiUilion. 

A  chief  and  necessary  factor  in  the  production  of  the  state  of  raj)id 
re-excitation  is  a  greatly  reduced  refractory  state.  E\-idence  for  this  has 
been  brought  forward  in  this  and  several  previous  papers  ;  perhaps  the  most 
convincing  argument  is  that  there  is  a  distinct  relation  between  the  rate  of 
beating  which  the  auricle  attains  and  the  degree  to  wliich  the  refractory 
period  is  reduced  ;  the  average  figure  to  wliich  this  reduction  occurs  is  0025 
of  a  second,  and  when  such  a  refractory  period  jjrevails  the  auricle  is  capable 
of  responding  (theoretically)  at  a  rate  of  2,400  or  a  Httle  less  ;  if  the  refractory 
period  becomes  more  greatly  reduced  then  the  possible  rate  of  response  is 
liigher.  Exceptionally  the  refractory  period  may  fall  to  0014  of  a  second, 
and  theoretically  it  is  then  capable  of  responding  at  a  rate  of  nearly  4,300  per 
minute.  At  other  times  the  fall  is  less,  and  exceptionally  maj-  be  no  further 
than  to  0-038  of  a  second,  the  potential  rate  of  response  being  about  1,580  per 
minute.  The  usual  rates  of  rapid  re-excitation  when  the  muscle  is  under  full 
vagal  control  he  between  1,500  and  2,500  per  minute.  The  extreme  rate 
may  be  shown  to  be  associated  with  greatly  reduced,  and  the  less  extreme 
with  the  less  reduced,  refractory  periods.  Thus  the  rates  attained  are  those 
which  are  to  be  anticipated  if  re-excitation  occurs  shortly  after  the  completion 
of  the  absolute  refractory  periods  of  preceding  responses. 

Nevertheless  a  simple  reduction  of  the  refractory  period  is  insufficient  to 
provoke  the  state  of  rapid  re-excitation.  In  general  it  is  necessary  that  two 
successive  shocksj  (isolated,  or  part  of  a  series)  should  fall  sufficiently  near 
together.  It  is  the  second  shock  which  provokes  the  multiple  response 
or  "  after-effect  "  of  stimulation.  It  has  been  shown  that  this  second  shock 
must  fall  within  a  critical  period,  and  that,  falhng  within  this  period,  the  state 
of  rapid  re-excitation  is  always  produced  by  it.  The  critical  phase  is  the 
phase  of  the  cycle  corresponding  to  the  partially  refractory  period.  This 
relation  is  most  clearly  shown  by  experiments  in  which  the  vagus  is  first 
stimulated  and  the  auricle  is  then  submitted  to  rhj-thmic  stimulation  at 

•  Though  they  do  occur  from  time  to  time. 

t  And  a  further  qualification  in  respect  of  the  manner  of  production,  to  be  discussed  presently. 
i  The  exception,  if  it  be  a  true  exception,  is  found  in  those  rare  experiments  in  which  the 
normal  rhytlim  is  converted  to  rapid  re-excitation  by  vagal  stimulation. 
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advancing  rates.  The  auricle  responds  to  tiicse,  and  up  to  a  point  the 
electrical  responses  are  uniform  in  amplitude  ;  when  the  rate  is  sufficiently 
advanced  to  render  the  intrinsic  deflections  irregular  in  height  or  form,  then 
it  is  the  rule  that  rhythmic  stimulation  at  this  rate  cannot  be  long  maintained 
without  the  auricle  breaking  into  the  state  of  rapid  re-excitation. 

In  a  previous  article^  it  has  been  concluded  (page  132)  that  flutter  is 
provoked  when  an  effective  shock  enters  auricular  muscle  while  the  latter 
is  in  a  critical  condition,  and  that  this  condition  is  a  state  of  partial 
refractoriness.  A  parallel  conclusion  applies  to  rapid  re-excitation.  Each 
form  of  after-effect,  namely,  flutter  and  rapid  re-excitation,  is  provoked  by  a 
stimidus  which  enters  muscle  which  is  partiaUy  I'efractory.  Rapid  re- 
excitation  is  in  fact  equivalent  to  flutter  upon  a  diminutive  scale,  the  last 
conditioned  by  the  greatly  reduced  absolute  refractory  period.  Rapid 
re-excitation  is  to  be  regarded  as  due  to  a  small  circus  movement  from  which 
centrifugal  waves  spread  over  the  whole  surface  of  the  auricle.  The  gradual 
increase  in  the  rate  of  a  fluttering  auricle  under  vagal  stimulation,  an  increase 
which  occasionally  progresses  until  it  reaches  that  of  the  state  of  rapid 
re-excitation  proper,  also  speaks  strongly  for  this  view. 

The  state  of  rapid  re-excitation  is  set  up  when  the  second  stimulus 
enters  the  muscle  at  any  period  from  the  end  of  the  absolute  refractory 
period  up  to  a  point  about  007  or  008  of  a  second,  or  a  little  longer,  from 
the  beginning  of  the  cycle.  The  critical  phase  lasts  some  0-05  to  006  of  a 
second,  as  a  rule,  and  this  we  consider  to  be  the  measure  of  the  partially 
refractory  period  under  vagal  stimulation.  If  vagal  tone  is  normal,  a  partial 
refractory  jieriod  does  not  appear  except  when  the  rate  of  rhythmic  response 
is  much  raised  ;  its  appearance  under  vagal  stimulation  is  independent  of 
the  rate  of  stimulation  ;  each  response  of  the  muscle,  however  long  the 
period  of  rest  which  precedes  it,  has  this  sequel.  It  is  to  be  exijlained  by 
supposing  that  the  individual  fibres  of  the  auricle  are  not  equally  affected 
by  vagal  stimulation,  that  in  some  the  contraction  process  is  more  depressed, 
and  that  in  these  the  refractory  period  is  shorter  than  in  others. 

The  size  of  the  circuit  which  underlies  rapid  re-excitation  may  be 
gauged  approximately.  Assuming  that  the  transmission  rate  from  point  to 
point  is  about  half  the  normal,  i.e.,  about  400  mm.  per  second,  then 
the  circumference  of  the  circuit  carrying  3,000  to  2,000  waves  per  minute 
would  be  of  8  to  12  mm. ;  it  would  have  a  diameter  of  2-5  to  3-8  mm. 
Obviously  these  circuits  must  be  supposed  to  establish  themselves 
in  the  muscle  of  the  wall,  rather  than  around  the  mouths  of  the  vessels  ; 
sometimes  the  focus  originating  the  rapid  waves  Ues  near  the  point  stimulated, 
in  other  instances  it  lies  at  a  distance.  This  is  evidenced  by  the  waves 
sometimes  coursing  over  the  recording  contacts  in  the  same  direction  as  those 
directly  provoked  by  the  initial  stimulation  (Fig.  12),  while  at  other  times 
the  direction  of  the  waves  becomes  reversed  over  the  contacts  once  rapid 
re-excitation  sets  in.     The  pause,  which  often  succeeds  the  second  shock 
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(Figs.  8,  11  and  13),  a  pause  which  is  often  conspicuous,  is  probably  attri- 
butable to  the  interval  of  delay  while  the  second  waTe  travels  from  the 
point  of  stimulation  to  the  area  in  which  the  circus  is  set  up,  and  in  the 
return  of  these  waves  to  the  recording  contacts.  The  length  of  this  pause 
is  independent  of  the  degree  of  jDrematuritj*  of  the  second  response,  but 
tends  to  remain  constant  in  length,  providing  that  the  records  of  the  rapid 
re-excitation,  set  up  subsequently,  remain  constant  in  form. 

There  is  no  difficulty  in  conceiving  small  circuit  movements  in  such  a 
sheet  of  muscle  as  the  auricle  presents,  though  necessarily  the  conception 
remains  largely  hj-pothetical.  The  muscular  layer  consists  of  freely  inter- 
lacing and  overlapping  strands  of  branching  fibres.  Thus,  supposing  in  such 
an  interlacing  network  an  excitation  travels  along  the  strand  a  (Fig.  2),  and 
in  natural  circumstances  divides  along  the  two  hmbs  b  and  d ;  then  the  two 


Fig.  2. 


Figs.  2  and  3.     T\ro  diagTams  to  illustrate  the  manneis  in  which,  as  it  is  conceived,  small 
circus  movements  may  become  established  in  the  auricular  muscle. 


crests  will  meet  somewhere  in  hmb  c  and  will  be  brought  to  a  standstill.  But 
if,  on  entering,  the  wave  finds  the  muscle  at  e  refractory,  it  will  be  deflected 
along  limb  b  only  and,  passing  through  c  and  d,  may  find  the  muscle  in  a 
responsive  on  its  return.  Or  again,  in  muscle  represented  as  a  more  uniform 
sheet,  an  excitation  wave  in  its  progress  may  meet  an  area  of  still  refractory 
muscle  at  z  (Fig.  3).  In  that  case  it  will  creep  around  the  edge  {x  y  z)  of 
this  refractory  area,  until  at  last,  owing  to  the  delay  while  it  travels,  it  will 
find  at  some  point  2  that  the  muscle  has  now  recovered.  Entering  z  it  wUl 
find  the  muscle  in  front  of  it  responsive  dining  its  passage  back  to  x  where, 
if  the  time  conditions  are  suitable,  it  may  re-enter  the  same  course.  Con- 
sideration will  show  also  that  once  re-entering,  the  course  which  the  wave 
pursues  on  its  second  journej-  will  be  the  course  which  it  has  prepared  on 
its  first  ;  the  circuit  when  once  estabhshed  will  tend  to  persist  without  very 
material  variation.  The  advancing  wave  tends  to  follow  closely  en  the  wake 
of  its  own  retreat,  the  gap  of  responsive  muscle  in  the  circuit  remaining 
minute. 
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TABLE  VI. 

Refractory  period  of  rapid  re-excitation. 

Dog  MA.     (Record  14.) 

Rate  per  minute,  1,445.      Average  length  oj  cycle  0'415  second. 


Time  from  first  intrinsic  to  stimulus. 

Length  of  corresponding  cycle. 

In  seconds. 

In  seconds. 

00016 

0-0418 

00082 

0-0423 

00171 

0-0410 

00266 

0-0428 

0-0274 

0-0433 

0-0282 

0-0430 

00282 

0-0423 

0-0316 

0-0420 

00367 

0-0420 

When  waves  of  excitation  succeed  each  other  at  rates  of  1,500  and  over 
in  the  auricle,  the  responsive  stage  is  too  short  to  be  demonstrable.  We  have 
repeatedly  observed  that  rhythmic  shocks,  which  are  allowed  to  enter  the 
muscle  after  the  state  of  rapid  re-excitation  is  set  up  (see  Fig.  12),  are 
without  influence  upon  the  condition.  A  single  illustration  of  this  observa- 
tion may  suffice  (Table  VI).  In  the  first  column  of  this  table  are  given  the 
intervals  between  the  first  of  two  succeeding  intrinsic  deflections  (during 
a  period  of  rapid  re-excitation)  and  tlie  rhythmic  shock  which  subsequently 
falls  upon  the  muscle  ;  in  the  second  column  are  given  the  lengths  of  the 
corresponding  cycles.  These  are  uninfluenced  by  the  electrical  stimuli, 
although  these  fall  at  all  phases  of  the  cj^cles. 


Summary  of  conclusions. 

1.  The  state  of  rapid  re-excitation  is  described  in  detail.  When 
estabUshed,  it  is  a  condition  in  which  the  auricle  is  re-excited  at  extreme 
rates,  ranging  from  1,500  to  3,500  per  minute.  The  waves  are  carried  over 
the  whole  auricular  tissue,  which  thus  beats  co-ordinately  ;  but  the  waves 
are  more  or  less  sinuous  in  their  courses. 

2.  This  state  of  rapid  re-excitation  can  be  produced  only  in  auricles 
in  which  the  refractory  period  has  been  greatly  reduced.  It  is  provoked 
in  these  when  two  shocks  enter  the  muscle,  the  second  falling  during  a 
critical  phase.  Tliis  critical  phase  lasts  usually  some  0-05  to  0-06  of  a  second 
and  is  constituted  by  a  partially  refractory  condition  of  the  muscle. 

3.  Thus,  the  state  of  rapid  re-excitation  is  in  many  ways  comparable 
to  flutter,  though  its  scale  is  diminutive,  owing  to  the  greatly  reduced 
refractory  period.  The  underlying  cause  is  almost  certainly  a  small  circus 
movement  in  a  muscle  area  of  a  few  miUimetres  diameter. 
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4.  The  sinuous  coxirse  of  the  waves  is  comparable  to  that  which  is  seen 
iu  impure  flutter,,  and  is  attributed  to  similar  causes,  namely,  to  the  waves 
meeting  islets  of  refractory  tissue  in  their  passage. 

5.  Providing  that  the  refractory  period  of  the  auricle  is  sufficiently 
reduced,  the  muscle  is  capable  of  convening  excitation  waves  at  a  natural 
speed,  when  tiie.<e  waves  succeed  each  other  up  to  rates  of  1,100  per  minute  : 
waves  succeeding  each  other  at  even  higher  rates  are  conveyed  normally  for 
short  distances. 

0.  The  speed  of  conduction  through  an  auricular  fibre  is  uninfluenced 
by  the  rate  at  which  the  waves  succeed  each  other  in  passing  through  it. 
Conduction  or  non-conduction  is  controlled  in  these  circumstances  soleh' 
by  the  length  of  the  fibre's  refractory  period.  If  the  fibre  responds  at  aU 
it  will  conduct,  and  it  will  conduct  at  normal  speed. 
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the  auricle  breaks  (e.f.g.h)  into  a  state  of  rapid  re-excitation  which  continues  to  the  end  of 
the  plate.     The  rate  rises  quickly  to  2,000  beats  per  mintite.     Time  lines  in  fifths  and  tenths 
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Fig.  .X  DogMJ.  (Record  \l.)  Simultaneous  electrograms  from  two  pairs  of  contacts,  placed  in 
line  on  the  base  and  tip  of  the  right  appendix,  the  Z  contacts  being  towards  the  pacemaker. 
When  the  right  vagus  is  stimulated  the  auricle  which  is  responding  regularly  to  its  normal 
impulses  (intrin.sic  deflections  o  and  6)  slows  down  (deflection  c)  and  then  breaks  abruptly 
into  a  state  of  rapid  re-excitation.     Time  lines  in  fifths  and  tenths  of  a  second. 
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Fig.  11.  Dog  M  1.  (Record  16.)  This  record  is  chaited  in  Fig.  1.  Similar  electrogram*,  from 
the  mfenor  cava  and  body  of  the  right  auricle,  taken  while  the  auricle  was  imder  risht  vagiil 
stitnulation  and  respondina  (6,  c,  rf)  to  rhjthmic  break  shocks  (.>-).  A  single  break  shock 
(not  signalled  ni  the  figm-e)  gives  a  response  e.  and  a  state  of  rapid  re-excitation  follows, 
llie  Z  contact  ot  eacli  pair  lay  towards  the  tip  of  the  right  ap|iendix,  the  point  stimulated 
Time  m  fifths  and  tenths  of  a  second.  »        •  >  i 


RAPID     RK-EXCIT  ATIOS 


mmmmm 


ir       Shacks  t    T 


4S 


m9^f^f^f^^\}ffmmHm\^\H^ 


Fi".  12.    Dog    M  I.     (Record  4.)      I  the  signal  of  rhythmic  break  and  occasional 

"'  make  or  break  shocks,  and  si .  i  -rams  from  four  contacts  in  line  on  the  right 

auricle.      P  =  curve  from  con;  i  >  Hnd  D  =  curve  from  contacts  distal  to  pomt 

stimulated  (the  Z  contact  of  .a.  Ii  i  .m  l..\  mwards  the  point  stimulated).  The  lengths  of 
cycles  are  written  directly  above  each  in  the  two  curves,  and  the  transmission  intervals  are 
written  below  curve   D.  in  decimal  points  of  a  second.     Record  taken  imder  right  vagal 
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Simultaneous  electro- 
Kt  appendix.  Tlie  body  of  the 
>l.  A  single  make  shock  (o») 
1  ^  up  rapid  re-excitation.  Tlie 
Auut  the  whole  c\irve.  Tlie  Z 
rime  in  fiflh.s  and  tenths  of  a 
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Fig.  U.  Dog  ML.  (RecordU.)  A  similar  record  to  those  of  Figs.  6  to  9.  Tlie  first  break  shock 
yields  a  response  a,  the  second  break  shock  yields  two  responses,  5  and  c.  Time  in  fifths  and 
tenths  of  a  second. 


Fig.  lo.  Dogiiyi.  ( i?ecor</ 33. )  Simultaneouselectrograms  from  the  auricle,  taken  from  paired 
contacts  (P  =  pro.ximal  and  D  =  distal  to  the  point  stimulated).  The  auricle  responds  to 
shocks  succeeding  each  other  at  a  rate  of  880  per  minute.  The  shocks  are  signalled  upon  tlie 
proximal  record  ;  the  sixth  and  succeeding  shocks  were  allowed  to  enter  the  miuscle.  Time  in 
fifths  and  tenths  of  a  second. 
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A     DEMONSTRATION     OF     CIRCUS     MOVEMENT     IN     CLINICAL 
FLUTTER   OF  THE   AURICLES. 

By  THOiL\S  LEWIS,  A.  N.  DRURY  and  C.  C.  ILIESCU.* 
(  University  College  Hospital  Medical  School.) 

Experiments  upon  dogs  have  led  to  the  conclusion,  fulh'  descrihcd  in 
preceding  articles  in  this  joiu-nal,  that  flutter  of  the  auricle,  as  it  occurs  in 
man,  consists  of  a  circus  movement  of  the  excitation  wave  around  some 
natural  ring  of  muscle  in  that  chamber.^  Based  upon  animal  experi- 
ment, this  conclusion  has  so  much  evidence  to  support  it  that  Uttle  doubt 
exists  in  our  minds  that  it  may  be  regarded  as  arriving  at  a  degree  of 
finality  ;  but  in  that  it  has  so  obvious  a  bearing  upon  practical  medicine  we 
have  felt  that  every  endeavour  should  be  made  to  render  it  secure  by 
further  chstinct  tests.  It  has  occurred  to  us  that  direct  evidence  might  be 
obtained  from  patients  affected  bj'  this  curious  disorder. 

If  in  cHnical  flutter  a  central  excitation  wave  circulates  continuously 
around  a  fixed  muscular  path,  the  general  direction  of  its  movement  in  the 
auricle  may  be  expected  to  change  from  instant  to  instant  in  a  special  manner. 
Wc  arc  lead  to  expect  that  the  average  direction  of  movement  will  alter 
gradually,  turning  consistently  in  one  or  other  direction  through  360  degrees 
and  repeating  tliis  revolution.  It  is  not  to  be  exi^ected  that  this  change  wiU 
be  perfectly  smooth  and  uninterrupted,  for  the  auricle  is  neither  a  flat  ring 
nor  cyhnder  of  muscle,  but  an  irregularly  shaped  mass,  and  the  wave  moves 
not  only  on  the  central  path  but  sends  centrifugal  offshoots  into  outMng 
portions  of  muscle,  such  as  those  which  clothe  the  cav£e  and  constitute  the 
appendages.  Nevertheless,  if  the  wave  continuously  follows  a  central 
circular  or  elliptical  path,  it  will  decidedly  influence  the  general  direction  of 
movement.  Now  wlien  the  average  movement  is  progressing  in  a  particular 
direction,  say  from  right  to  left,  then  the  distribution  of  potentials  in  the 
muscle  is  known  by  experience  to  be  such  that  the  muscle  elements  which 
lie  to  the  right  are  relatively  negative  to  those  which  lie  to  the  left ;  the 
electrical  axis  in  these  circumstances  wiU  set  from  right  to  left,  pointing  in 
the  general  direction  in  which  the  wave  is  tending  to  move.     The  changes  in 

*  Working  on  behalf  of  the  Medical  Research  Council.     A  preliminary  report  of  these  observa- 
tions appeared  in  the  Proceedings  of  the  Physiol.  Soc,  March  12th,  1921. 
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direction  of  the  electrical  axis  rlurirg  the  progress  of  a  flutter  cycle  should 
therefore  indicate  the  changes  in  the  direction  in  which  the  excitation  wave 
travels. 

In  auricular  flutter,  where  we  suppose  the  direction  of  movement  to 
alter  through  360  degrees,  we  should  expect  to  find  a  similar  rotation  of  the 
electrical  axis,  providing  that  the  leads  from  which  the  electrocardiographic 
curves  are  taken  arc  suitably  arranged  ;  the  rotation  should  be  most  con- 
spicuously shown  in  curves  taken  simultaneously  from  leads  lying  in  the 
plane  in  which  the  central  wave  is  travelling. 

Theoretically,  if  the  wave  of  excitation  travels  along  a  circular  path  and 
the  movement  is  confined  to  one  plane,  as  it  would  be  in  travelling  through 
a  flat  ring  or  an  undeforraed  cylinder  of  muscle,  and  if  simultaneous  curves 
are  taken  from  three  leads,  arranged  in  the  manner  of  Einthoven,  from  the 
angles  of  an  equilateral  triangle  lying  in  this  plane  ;  then  the  curves  from 
each  lead  will  be  similar  in  form  ;  each  will  be  a  siiie  curve,  a  rounded  summit 
above  the  zero  line  followed  by  a  rounded  dip  of  similar  though  inverted 
form  below  the  zero  line.  But  the  summits  on  the  one  hand  and  the  dips 
on  the  other,  in  the  simultaneous  leads,  will  not  be  sjTichronous  ;  they  will 
show  overlap,  amounting  to  16  per  cent,  of  the  cycle  when  either  leads  / 
and  //,  or  leads  //  and  ///  are  compared,  and  to  33  per  cent,  of  the  cycle 
when  leads /and  7/7  are  compared.  The  direction  of  overlap  will  depend 
upon  the  direction  in  which  the  wave  is  revolving.  Simple  sine  curves  with 
these  precise  overlaps  are  not  to  be  expected  when  the  wave  is  circulating 
in  the  auricle,  and  this  for  several  reasons. 

(a)  As  has  been  pointed  out,  the  mu.scle  has  not  a  regular  form  ;  the 
circular  movement  is  therefore  not  entirely  confined  to  one  plane  :  and,  in 
addition  to  the  central  movement,  there  are  the  centrifugal  paths  which  will 
influence  the  resultant  curves. 

(6)  The  movement  is  not  necessarily,  nor  probably,  circular.  If  it 
is  assumed  to  include  the  mouths  of  the  two  cavae,  it  Mill  more  probably  be 
elliptical  or  irregularly  elliptical. 

(c)  The  circular  movement  projected  to  a  single  plane,  which  diverges 
somewhat  from  the  plane  of  this  movement,  will  appear  elliptical  ;  an 
elliptical  movement  for  the  same  reason  will  appear  as  a  narrower  ellipse. 
In  this  connection  it  is  to  be  stated  that  in  leading  off  it  is  unlikely  that  the 
precise  plane  of  the  circus  movement  will  be  chosen. 

Observations. 

In  making  our  observations  we  have  considered  it  more  desirable  to 
investigate  thoroughly  a  single  case  of  clinical  flutter,  rather  than  to  study 
less  fully  a  number  of  such  cases.  We  are  indebted  for  the  case  which  will 
be  described  to  Dr.  John  Parkinson. 

The  patient,  a  small  man  of  61  years,  is  known  to  have  suffered  from 
auricular    flutter   since    1913  ;  his   symptoms   commenced    some   eighteen 
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months  prior  to  this  date.  His  auricular  rate  while  under  our  observation 
has  been  almost  constantly  245  per  minute,  and  the  ventricular  rate  precisely 
half  the  auricular  rate.  He  is  Ijreatliless  on  shght  exertion  and  speaks  of  a 
sense  of  constriction,  accompanied  by  a  little  pain,  across  the  sternal  region, 
when  he  walks  sharph'.  His  chest  is  well  built,  and  measures  33  inches  in 
circumference  at  the  level  of  the  nipples.  Tiiere  is  a  flattening  of  the  chest 
wall  in  the  right  axilla  and  some  indraTi^ing  of  the  rib  spaces,  ilovement 
is  Umited  in  the  right  axilla  and  at  the  right  base  ;  there  is  dulness  to 
percussion  over  these  regions,  the  breath  sounds  are  distant  and,  at  the  base, 
a  little  friction  crepitus  is  heard.  Over  the  remainder  of  the  chest  the  note 
is  hyperresonant  and  the  breath  sounds  are  harsh.  Screening  shows 
increased  opacity  with  Hmited  movement  of  the  diaphragm  on  the  right  side. 

The  cardiac  impulse  is  feeble,  and  Ues  in  the  5th  interspace  in  the  nipple 
line  ;  the  left  margin  of  dulness  lies  i  inch  outside  the  nipple  line  (3i  inches 
from  the  middle  Une),  the  right  margin  Ues  IJ  inches  from  the  middle  Une. 
Screening  shows  some  enlargement  of  the  heart,  the  ventricles  hang  in  an 
almost  horizontal  position.  The  right  auricle  projects,  more  than  is  usual, 
to  the  right  side. 

The  heart  sounds,  with  the  exception  of  a  reduplication  of  the  2nd  soimd 
at  the  apex,  are  normal  (standing  and  l.^ing).  The  brachial  arteries  are 
tortuous  ;  the  systolic  blood  pressure  is  130  mm.  Hg..  The  Uver  is  not 
enlarged  ;  the  veins  of  the  neck  become  engorged  and  some  cyanosis  of  the 
head  develops  when  he  lies  quite  flat. 

To  sum  up,  there  are  definite  signs  of  some  enlargement  of  the  heart ; 
the  valves  are  normal.  The  heart  appears  to  have  been  displaced  somewhat 
to  the  right  side,  presumably  as  a  result  of  chronic  changes  in  the  right  lung 
and  pleura. 

Leads. 

In  leading  off  from  the  chest  wall  we  have  used  circular  copper  discs 
2  inches  in  diameter,  attached  to  the  chest  by  means  of  a  paste  of  flour  and 
salt  solution  ;  the  skin  has  first  been  prepared  by  rubbing  it  with  spirit  to 
remove  fat,*  and  subsequently  soaking  it  with  brine.  The  electrodes  are 
fastened  to  the  skin  by  means  of  adhesive  strapping.  It  has  been  oiu"  care 
to  reduce  the  resistances  of  the  skin  at  the  contact  sites  uniformly,  thus 
rendering  the  resistances  of  the  body  in  these  leads  sufficiently  equal.  These 
resistances  have  always  been  measured  and  have  varied  on  different  occasions 
from  250  to  750  ohms  each.  We  connect  each  of  the  three  string  recorders 
to  a  pair  of  the  three  contacts  after  the  manner  of  Einthoven,  Bergansius 
andBijteli;  the  resistances  of  the  three  strings  used  have  been  1,900,  1,900 
and    1,750    ohms   respectivelj-,  resistances    which  have  been   found   to   be 

*  For  this  verj'  helpful  method  of  reducing  skin  resistance  we  are  indebted  to  the  suggestion 
of  Professor  Wertheim-Salomonson. 
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sufficiently  c(|ual  for  our  puri)oses.  Tlic  three  strings  are  standartlised,  so  that 
1  centinutrc  excursion  is  equal  to  a  millivolt  in  the  curves.  In  this  manner  wo 
obtain  simultaneous  and  standard  electrocardiograms  from  the  three  leads. 

The  chief  planes  of  lead  used  have  been  the  sagittal,  the  frontal  and  the 
horizontal. 

The  sagittal  plane.     In  this  plane  we  use  three  contacts,  one  immediately 

tothe  left  of  the  manubrium  stcrni,  one  a  httle  to  the  right  of  the  xiphisternum, 

and  one  immediately  to  the  right  of  the  7th  dorsal  spine.     The  plane  is  not 

quite  sagittal  therefore,  but  inclines  a  little  towards  the  left  shoulder  above. 

The  leads  are  : — 

Lead  1.     Manubiium  to  xipliisternum     =     7|  inches. 
„      2.  „  to  spine  =     9i 

,,      3.     Xiphisternum  to  spine  =9         ,. 

The  frontal  i^lane.     The  three  contacts  are  placed,  one  on  the  manubrium 
sterni,  one  in  the  midaxiUary  hne  and  a  little  below  the  level  of  the  left 
nipple,*  and  one  an  inch  beyond  and  a  httle  below  the  right  nipple. 
The  leads  are  : — 

Lead  1.     ]\Ianubrium  to  left  nipple  =     8J  inches. 

,,      2.  ,,  to  right  nipple       =     8| 

,,      3.     Left  nipple  to  right  nipple        =   lOJ       ,, 

The  horizontal  plane.  The  three  contacts  are  placed,  one  in  the  mid- 
axiUary hne  a  little  below  the  level  of  the  left  nipple,  one  an  inch  bej'ond 
and  a  Uttle  below  the  right  nijjple,  and  one  directly  to  the  right  of  the  7th 
dorsal  spine. 

The  leads  are  : — 

Lead  1.     Left  nijjple  to  right  nipple        =   10|  inches. 
,,      2.     Left  nijiple  to  spine  =   10}       ,, 

„      3.     Right  nipijle  to  si^ine  =     7         ,, 


Curves  and  their  atialysis. 

Sagittal  jilane.  The  actual  curves  obtained  in  the  sagittal  plane  are 
shown  in  Fig.  8.  These  curves  were  enlarged  5  diameters,  plotted  and 
measured  (Fig.  1).  The  plotted  curves  (7,  2  and  3)  are  shown,  though  they 
are  reduced  from  the  original  enlargement  in  reproduction.     Arbitrary  base 

*  Placed  further  out  than  the  corresponding  right  contact  to  avoid  the  impulse  of  the  heart. 
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lines*  are  draw-n  approximately  through  the  centres  of  the  three  curves,  and 
the  heights  and  depths,  as  measured  from  these  hnes,  are  written  on  the 
curve  in  millimetres  in  the  enlargement.  It  is  usually  necessary  at  this 
stage  to  move  one  or  two  of  the  base  lines  a  Uttle  to  obtain  a  fit.  If  the 
curves  are  to  accurately  represent  the  potential  differences,  then  the  values 
in  leads  1  and  3,  adcled  algebraically,  must  sum  up  to  the  values  in 
lead  2.  The  fit  is  accurate  with  verj-  minor  discrepancies  in  all  the  charts 
pubhshed,  and  this  speaks  for  the  accuracy  \vith  wliich  the  curves  have  been 
standardised. 

The  values  of  the  E.M.F.  are  tabulated  for  the  three  leads  at  each 
fiftieth  of  a  second  throughout  the  cycle  in  Table  I ;  the  corresponding 
angle,  calculated  trigonometricalh-,  which  the  electrical  axis  makes  with  the 
fine  of  lead  1,  is  stated  in  a  separate  column,  as  is  also  the  manifest  potential 
{E)  for  this  plane.  The  latter  is  reduced  to  decimal  points  of  a  miUivolt.  The 
calculated  angles  are  shown  diagrammaticallj'  in  Fig.  5,  the  length  of  each 
arrow  representing  the  value  of  the  E.M.F.  as  it  is  projected  upon  the  sagittal 
plane.  Against  the  head  of  each  arrow  is  set  the  time  in  decimal  points  of  a 
second. 

Starting  from  zero  it  will  be  seen  that  the  direction  of  the  electrical 
axis  moves  in  a  clockwise  fashion,  revolving  through  360  degrees  and 
returning  to  its  original  point  in  0-245  of  a  second,  as  the  cycle  is  completed.^ 
The  movement  is  constantly  clockwise,  with  the  exception  of  a  small  anti- 
clockwi.sc  movement  between  the  times  004  and  006  of  a  second  ;  the  rota- 
tion is  particularly  clear  and  uniform  between  010  and  022  of  a  second. 
The  set  of  the  arrows,  representing  the  electrical  axis  of  the  aiuicles,  may 
be  taken  as  an  index  of  the  change  which  occurs  in  the  general  direction 
in  which  the  excitation  travels  as  the  cycle  progresses. 

A  clearer  idea  of  what  this  rotation  may  mean  is  obtained  by  a  different 
form  of  illustration.  In  Fig.  7  arrows  of  the  same  lengths  and  having  the 
same  incUnations  are  drawn,  but  they  are  drawn,  not  from  a  centre  point, 
but  from  the  margua  of  an  ellipse,  with  the  idea  of  correlating  them  with 
different  portions  of  the  auricidar  musculature.  If  this  chagram  correctly 
represents  the  events  in  relation  to  the  auricular  muscle,  and  further  evidence 
that  this  is  so  will  be  given  a  httle  later,  then  the  weak  axis  at  000  represents 
the  movement  of  the  excitation  wave  from  the  left  to  the  right  auricle  past 
the  superior  cava,  the  strong  axes  002  to  OOS  represent  its  movement  down 
the  main  musculature  of  the  right  auricle,  the  weak  axes  010  and  012  its 

*  The  actual  base  line  is  indeterminate,  because  the  string  never  rests  in  the  isoelectric 
position.  Small  errors  in  fixing  the  correct  base  lines  are  probable,  large  errors  are  improbable. 
Small  shifts  of  the  base  lines  will  influ.  iiro  to  some  extent  the  angles  determined  from  the  curve 
but  will  not  influence  niatt'riall\  ■'.      _  '         ilt  when  these  angles  are  plotted  relative  to  each 

other.     That  the  assuMied  ba*e  li:  >  accurate  is  sho\vn  by  the  general  agreement  of 

the  values  obtained  in  the  three  i  ..'). 

t  We  have  drawn  a  single  an  -        iliese  two  time  instants  (i.e.,  000  and  0-245  of  a 

second) ;  actually  there  is  a  httle  diveigenoe  between  them,  the  auriciilar  angle  at  000  being 
influenced  a  little,  though  not  greatly,  by  the  simultaneous  inscription  of  the  end  of  the  ventricular 
complex. 
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Fig.  1.  (Record  3,  23/2/21.)  Sagittal  plane.  Tlie  outlines  of  the  curves  (i,  2  &  3)  of  Fig.  8.  The 
curves  were  enlarged  originally  7-5  diameters  but  have  been  reduced  in  reproduction.  Showing 
the  relative  values  of  the  potential  differences  in  the  three  leads  at  successive  fiftieths  of  a 
second.  Tlio  dotted  cuive  is  from  the  usual  clinical  lead  2.  The  times  at  which  the 
5.  X.iV.  region,  mid-caval  and  inferior  vena  caval  region,  become  excited,  relative  to  these 
curves,  are  indicated. 
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Fig.  2.     (Becord  10,  23/2/21.)     Frontal  plane.     Similar  outlines  of  the  curves  (2,  2  &  3)  o£  I 
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Fig.  3.     (ifecord  3,30/3/21.)     Horizontal  plane      Similar  outlines  of  the  curves  (7,2  &  3)  of  Fig.  10, 
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movement  back  to  the  left  auricle  around  the  inferior  vena  cava,  and  the 
strong  axes  014  and  0-22  its  movement  through  the  main  mass  of  the  left 
auricular  muscle.  This  representation  in  general  agrees  with  experiments 
in  which  the  circus  movement  is  around  the  mouths  of  superior  and  inferior 
vena  cava. 

Frontal  plane.  The  actual  curves  of  the  frontal  plane  are  shown  in 
Fig.  9.  The  enlarged  plotted  curves  are  given  in  Fig.  2  (1,  2,  and  3*)  and 
the  angles  (calculated  in  Table  II)  are  represented  in  Fig.  4.  This  last 
diagram  shows  rotation  wliicli  is  uniform  in  direction  with  the  exception  of  a 
single  reversed  movement  between  times  014  and  016.  Compared  with 
Figs.  5  and  7,  good  agreement  is  shown  ;  the  strong  axes  002  and  0-06, 
which  are  supposed  to  represent  movement  in  the  mass  of  the  right  auricle, 
are  directed  mainlj-  downward  and  to  the  right  in  the  body  ;  the  strong  axes 
012  and  0-22,  wliich  are  supposed  to  represent  movement  in  the  left 
auricle,  are  directed  upward  in  varying  degrees  and  to  the  left. 


TABLET.     (Records,  23/2/21 

) 

(Sa'jiUal  plane.) 

Seconds. 

Leads  :  E.M.F.  in  millivolts  (  X  SO;. 

Angle. 

E.  in 

1                          2                          3 

millivolts. 

0-00 

-4                       -G 

-2 

-131° 

012 

002 

^  lot 

2 

-8 

-19° 

0-21 

004 

W  13 

5 

-9-8 

-8° 

0-26 

0-06 

12 

2 

-10 

-  21° 

0-26 

008 

7 

2 

-5 

-14° 

014 

010 

1 

3 

2 

71° 

OOG 

012 

-1 

4 

5 

101° 

Oil 

014 

-3 

5 

!^  8 

112° 

OIG 

016 

-3 

5 

8 

112° 

OIG 

018 

-4 

4 

8 

120° 

016 

0-20 

-8 

2                          10 

139= 

0-21 

0-22 

-11                          0                        11 

l.-,(V 

o•l^5 

♦  These  curves  were  originalls'  enlarged  7-5  times,  and  have  been  reduced  subsequently, 
t  The  figure  which  is  crossed  out  is  that  which  represents  the  original  measurement ;  it  has 
been  altered  to  render  tlie  fit  perfect  for  purposes  ot  calculation. 
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TABLE  II.     {Record  10,  23/2/21.) 
{Frontal  plane.) 


heads  ;  E.M.F.  in  millivolts  ( : 


Angle. 


E.  in 
millivolts. 


000 
002 
004 
006 
0-08 
010 
012 
014 
010 
018 
0-20 
0-22 


-2 

\!^   11 
21 

\X  16 
-2 


-  10 
-9 
-11 

-10 


0-28 
0-22 
013 
010 
018 
010 
0-20 
018 


TABLE  III.     (  Record  3,  30/3/2 

1.) 

{Horizontal  plane.) 

Seconds. 

Leads  ;  E.M.F.  in  millivolts  (  X  75). 

Angle. 

E    in 
millivolts. 

1 

2 

3 

000 

3 

1 

-2 

-11° 

0-04 

002 

0 

-2 

-8 

-44= 

Oil 

0-04 

10 

-3 

-13 

-42" 

0-18 

000 

-0 

-4 

2 

-109° 

0-08 

0-08 

-14 

-3 

11 

-  102° 

0-20 

010 

-9 

0 

i,q  9 

150° 

0-14 

012 

-7 

2 

9 

138° 

013 

014 

-12 

0 

12 

150' 

0-18 

0-16 

-  \5  -  16 

-3 

13 

100° 

0-23 

018 

-12 

-1 

11 

154° 

0-18 

0-20 

-5 

5 

10 

120° 

0-13 

0-22 

0 

8 

8 

90° 

012 
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Fig.  4. 


Horizontal  plQ.U£..<£iadl.,(utt>fU  Cp  -aLp(>Le.). 
Fig.  6. 


AURICULAR     FLUTTER. 


PIanu- 


5PINE 


Fig.  7. 


352  LEWIS,     DRUBY     AND     ILIESCU. 

Horizontal  plane.  The  actual  curves  are  shown  in  Fig.  10  ;  the  enlarged* 
plotted  curves  are  shown  in  Fig.  3  ;  the  diagram  of  angles  (calculated  in 
Table  III)  is  given  in  Fig.  G.  This  figure  also  agrees  fairly  closely  with  those 
which  have  preceded  ;  thus  the  axes  002  and  0-04  are  directed  forwards  and 
to  the  right  in  the  body,  while  those  at  012  to  0-22  are  directed  backwards 
and  to  the  left,  as  would  be  expected  if  these  two  groups  represent  move- 
ment in  the  right  and  left  anricle  respectively. 


The  three  jilanes  considered  together. 

It  has  been  tacitly  assumed  that  the  000  time  lines  of  Figs.  1,  2  and  3, 
and  of  the  corresponding  electrical  axis  diagrams  in  Figs.  4,  5  and  6,  represent 
the  same  time  instant  in  the  auricular  cycle.  That  they  may  not  represent 
exactly  the  same  instant  is  to  be  admitted,  but  the  error  is  not  great.  The 
three  sets  of  curves  (Figs.  8,  9  and  10)  have  been  orientated  into  as  correct 
relationsliip  to  each  other  as  possible  by  taking  the  curve  from  one  lead  in 
each  group  simultaneously  with  Einthoven's  lead  2  (right  arm  to  left  leg).  An 
example  of  this  method  of  correlating  the  curves  of  different  planes  is  shown 
in  Fig.  11.  In  this  record  lead  7  of  the  horizontal  plane  is  taken  simultan- 
eously with  Umb  lead  2.  The  outUne  of  the  curv^e  from  lead  2  is  plotted 
in  its  correct  position  and  as  a  dotted  line  in  the  diagram,  Fig.  3.  The 
upstroke  of  the  auricular  complex  begins  a  little  before  the  000  time  line. 
The  outlines  of  the  auricular  curves  from  lead  2  have  been  similarly  plotted 
in  Figs.  1  and  2,  thus  correlating  the  whole  series. 

The  general  agreement  between  the  angles  and  E.M.F.  values  obtained 
in  the  three  planes  is  best  appreciated  by  examining  Figs.  4,  5  and  6  together. 
Each  diagram  represents  the  set  of  the  angle  and  the  value  of  the  potential 
difference  as  this  is  projected  upon  the  corresponding  plane.  By  combining 
the  direction  and  values  in  any  two  planes,  the  actual  set  of  the  axis  relative 
to  the  chest  wall  may  be  ascertained.  By  projecting  this  actual  axis  on 
to  the  third  plane,  the  accuracy  of  the  diagrams  as  a  whole  may  be  tested. 
In  most  instances  the  correspondence  is  sufficiently  close,  though  naturally 
there  are  discrepancies.  Thus,  the  axes  0-22  in  Figs.  4  and  5  are  in  good 
agreement,  the  axis  projects  from  below,  upwards  slightly  backwards  and 
slightly  to  the  left  in  the  chest  ;  in  Fig.  C,  the  axis  0-22  shows  a  backward 
direction  but  fails  to  show,  as  it  should  do,  the  sHght  inclination  to  the  left. 
This  is  a  discrepancy,  though  it  is  not  a  serious  one ;  other  and  similar 
discrepancies  will  be  found. ■!■  The  general  agreement  is  sufficient  to  show 
the  general  accuracy  of  the  diagrams  and  confirms  us  in  the  view  that  the 
base  lines  of  Figs.  1,  2  and  3  are  fixed  with  sufficient  precision. 

*  These  curves  were  originally  enlarged  7-5  times  and  have  been  reduced  for  publication, 
•f  Discrepancies  are  likely  to  be  greatest  when  the  axes  are  weak,  for  the  errors  in  calculating 
these  are  the  greatest. 
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The  discrepancies  are  to  be  expected,  considering  that  at  each  stage  of 
the  construction  errors  creep  in.  The  chief  sources  are  in  fixing  the  lines  of 
zero  potential  difference  (base  lines  of  Figs.  1,  2  and  3)  in  co-relating  similar 
phases  of  the  cycle  in  curves  taken  from  the  three  different  planes,  and  in 
assuming  that  the  leads  are  taken  from  the  angles  of  triangles  wliich  are 
exactly  equilateral.  ' 

The  movement  of  the  electrical  axis  in  Fig.  5,  representing  the  sagittal 
plane,  is  clockw-i.se ;  in  Figs.  4  and  6  the  frontal  and  horizontal  planes,  it  is 
anticlockwise.  Tliis  is  not  an  incompatibility,  but  is  dependent  upon  the 
actual  plane  of  rotation.  The  sagittal  plane  is  judged  to  be  the  closest  of 
the  three  used  to  the  actual  plane  of  rotation,  not  only  because  the  rotation 
is  most  uniform  in  this  plane,  but  because  in  this  plane  the  values  of  the 
potential  differences  are  the  greatest.  Imagine  a  ring  to  be  placed  precisely 
in  the  sagittal  plane  witliin  the  chest,  and  imagine  the  movement  to  be  down 
the  anterior  limb  and  up  the  posterior  limb  of  this  ring.  Looked  at  from  the 
right  side  of  the  patient,  the  movement  is  clockwise  ;  looked  at  from  the 
front  of  the  patient,  the  movement  is  directly  up  and  down,  for  the  ring  is 
seen  on  edge.  Now  let  the  posterior  Umb  of  the  ring  be  moved  somewhat  to 
the  left  in  the  chest ;  the  movement  remains  clockwise  when  viewed  from 
the  right  side  of  the  patient.  Viewed  from  the  front,  a  rotation  has  now 
become  visible,  but,  as  the  posterior  limb  of  the  ring  lies  more  to  the  left 
in  the  patient's  body  than  does  the  anterior  limb,  and  as  the  movement  is 
up  the  former  and  down  the  latter,  it  appears  as  an  anticlockwise  movement 
(as  shown  in  Fig.  4). 

Let  the  bottom  of  the  same  ring  be  carried  somewhat  to  the  left  in  the 
chest  (see  Fig.  12),  and  viewed  from  above  the  movement  is  anticlockwise 
(as  shown  in  Fig.  6). 

The  diagrams  when  combined  depict  the  movement  in  three  dimensional 
space.  Viewed  from  the  front  the  circus  lies  in  the  chest  as  it  is  dcinctcd 
in  Fig.  12.  It  is  the  approximate  position  of  a  ring  hung  around  the  orifices 
of  the  superior  and  inferior  vena  cava.* 

A  final  test  completes  and  confirms,  in  a  striking  manner,  our  demon- 
stration. Our  examination  of  tliis  patient  leads  us  to  believe  that  the 
excitation  wave  is  circulating  around  the  orifices  of  the  superior  and  inferior 
vena  cava.  According  to  the  relations  of  the  movement  expressed  in  Fig.  7, 
the  relative  negativity  is  at  its  height  in  the  region  of  the  8. A.  node  at  the 
time  line  0-02  ;  allowing  002  of  a  second  for  the  development  of  this  charge, 
it  should  begin  to  develop  in  the  region  of  the  S.A.  node  near  the  zero  time 
fine  ;    it  should  begin  to  develop  in  the  mid-caval  region  near  the  004  line 

*  In  the  normal  cliest  a  line  joining  the  moutlis  of  the  two  cavae  is  vertical  or  almost  so  ;  it 
may  incline  above  somewhat  to  the  right  or  left.  The  plane  of  the  circus  as  we  determine  it  is 
tipped  perhaps  a  little  too  much  to  the  right  (in  the  body)  above  for  the  rine  to  fit  accurately  to  the 
mouths  of  the  two  cava?,  but  it  is  to  be  remembered  that  the  heart  of  this  patient  is  somewhat 
displaced. 
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and  in  llie  inferior  caval  region  near  the  006  line.  These  relations  are 
expressed  relative  to  the  dotted  curve  of  lead  2  in  Fig.  1.  The  upstroke 
of  this  curve  represents  the  movement  of  the  wave  down  the  right  auricle. 
Compare  this  diagram  in  so  far  as  it  indicates  the  relation  between  these 
points  of  activation  and  the  curve  of  lead  2,  with  the  similar  diagram. 
(Fig.  5)  of  a  previous  publication  ^  This  last  diagram  relates  the  curve  of 
lead  2,  with  the  times  at  which  the  excitation  wave  was  ascertained  to 
arrive  at  the  muscle  points  in  question,  and  corresponds  to  an  experiment 
on  the  fluttering  auricle  of  a  dog,  where  the  excitation  wave  was  moving  dowTi 
the  length  of  the  taenia  terminalis.  The  relations  in  the  two  figures  are  so 
closely  similar  as  to  leave  little  doubt  that  the  path  and  direction  of 
the  central  wave  in  our  patient  has  been  determined  Math  considerable 
accuracy. 

Finally  we  publish  from  the  same  patient  simultaneous  curves  (Fig.  1 3) 
from  the  three  usual  clinical  leads  {1,  2  and  3).  We  publish  these 
curves  because  they  are  in  general  form  similar  to  those  obtained  from 
many  patients  affected  by  auricular  flutter.  In  lead  1  the  auricular 
deflections  are  small,  in  leads  2  and  3  they  are  much  alike,  consisting 
essentially  of  a  steep  upstroke  and  more  gradual  decline  ;  the  decline,  as 
in  many  such  patients,  is  broken  by  subsidiary  summits.  Our  present  view 
is  that  in  all  patients  who  present  curves  of  this  type,  the  circus  movement  is 
occurring  around  the  two  cavse  and  that  the  direction  of  movement  is  dovm 
the  taenia  and  right  auricle  and  up  the  body  of  the  left  auricle.  The  main 
upstroke  of  lead  2  represents  the  movement  do\^n  the  taenia  ;  the  actual 
summit  of  the  curve,  or  a  point  a  little  past  the  summit,  represents  approxi- 
mately the  time  at  which  the  excitation  wave  reaches  the  region  of  the 
coronarj'  sinus  and  enters  the  A  -  V  node. 


Conclusions. 

A  detailed  examination  of  the  electrical  axis  of  the  auricle  in  a  case  of 
auricular  flutter,  shows  that  this  axis  revolves  during  the  progress  of  each 
auricular  cycle  through  360  degrees.  This  revolution  of  the  axis  gives  us, 
so  we  beUeve,  incontestable  evidence  that  the  movement  of  the  excitation 
wave  throughout  the  auricle  as  a  whole  is  controlled  b}'  a  re-entrant  move- 
ment around  a  circle  or  an  ellipse. 

The  movement  of  the  axis  has  been  studied  in  the  three  chief  planes, 
and  from  these  observations  we  are  able  to  fix  the  actual  plane  of  movement 
in  three  dimensions  in  a  sufficiently  exact  manner.  The  plane  approaches 
to  that  occupied  by  the  taenia  terminalis  and  the  mouths  of  the  two  cavae. 
Tliis  evidence  and  evidence  derived  by  comparing  the  results  from  previous 
experiments  on  animals,  leads  us  to  the  belief  that  the  circus  movement  is 
occurring  around  the  mouths  of  the  two  cavap. 
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Tlie  curves  obtained  from  this  patient  by  means  of  the  customary 
clinical  leads  are  of  a  famihar  type  ;  we  conclude  therefore  that  circus 
movement  in  human  flutter  is  usually  around  the  two  cavse,  and  that  probably 
this  movement  is  usually,  though  we  do  not  suggest  that  it  is  alwaj-s,  down 
the  taenia  terminalis  and  up  the  left  auricle. 
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Fig.   lo.  Fig.   11. 

Fig.  8.     {Record  3,  23  2  21.)     Sagittal  plane.     Simultaneous    electrocardiograms   taken  by  three 

leads  (i,  2  and  -i')  from  contacts  arranged  triangularly  on  the  chest  wall  in  the  sagittal  plane. 

In  this  and  succeeding  figures,  1  centimetre  =  1  millivolt. 
Fig.  9.     {Record  10.  23  2  21.)      Frontal  plane.     Simultaneous    electrocardiograms  by  three  leads 

{1,  2  and  3)  from  contacts  arranged  triangularly  on  the  chest  wall  in  the  frontal  plane. 
Fig.  10.     {Record   3,    30  3  21.)      Horizontal  plane.     Simultaneous   electrocardiograms   by    three 

leads  (i,  2  and  3)  from  contacts  arranged  triangularly  on  the  chest  wall  in  the  horizontal  plane. 
Fig.  11.     Simultaneous  electrocardiograms  taken  b3'  lead  1  of  the  horizontal  group  of  leads,  and 

by  lead  2,  the  right  arm  and  left  leg. 
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Fig.  13,     Simultaneous  electrocardiograms  taken  from  the  usual  three  clinical  leads  /,  //  and  ///. 


A     DEMONSTRATION     OF     CIRCUS     MOVEMENT     IN     CLINICAL 
FIBRILLATION   OF   THE   AURICLES. 

By   THO-ALAS   LEWIS,   A.   N.    DRURY   and   C.  C.  ILIESCU.* 
(  University  College  Hospital  Medical  School.) 


In  the  preceding  article  it  has  been  shown  that  in  a  case  of  clinical  flutter 
the  electrical  axis  of  the  auricle  revolves  during  the  progress  of  each  cycle, 
as  is  to  be  expected  if  flutter  of  the  auricle  is  controlled  by  a  circular  move- 
ment of  -the  excitation  wave.  In  the  present  article  similar  observations 
upon  the  electrical  axis  in  cases  of  auricular  fibrillation  are  described.  The 
same  method  has  been  employed  as  in  the  case  of  flutter  ;  we  take  three 
simultaneous  curves  from  the  points  of  a  triangle,  and  utUise  in  each  case  the 
three  planes,  sagittal,  frontal  and  horizontal. 


First  case. 

S.,  a  pensioner,  of  39  years,  was  discharged  from  the  Army  because  of 
breathlessness  and  easy  fatigue,  in  May,  1916,  after  serving  for  twelve  months. 
He  has  been  under  observation  for  chronic  fibrillation  of  the  auricle  for 
seven  months. 

The  heart  is  enlarged,  the  impulse  Ijang  in  the  .5th  space,  11  inches 
beyond  the  nipple  ;  the  ribs  move  with  the  heart  beat.  He  has  mitral 
stenosis,  evidenced  by  a  full  diastolic  or  earh*  diastohc  rumble  at  the  apex. 

He  presents  signs  of  congestion,  becoming  cyanosed  on  Mng  down  and 
having  engorgement  of  the  veins  and  fiver.  Of  recent  months,  during  the 
period  over  which  the  follo%ving  observations  have  been  undertaken,  his 
condition  has  improved,  on  a  regime  of  rest  and  digitaUs.  In  the 
period  during  which  the  records  were  taken  he  was  taking  tincture  of  digitaUs 
in  variable  doses,  usually  small  doses,  sometimes  heavy  ones. 

*  Working  on  behalf  of  the  Medical  Research  Council.     A  preliminary  account  of  these  ■ 
observations  has  been  published  in  the  Proceedings  of  the  Physiological  Society,  March  12,  1921. 
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Fig.  1.  Ca.sc  7.  {Bccord  2,  16/3/21.)  Sagittal  iilaiic.  Tlie  oscillations  (o  to  e)  of  Fig.  12  have 
been  enlarged  12-2  diameter  and  traeed.  Tliese  curves  have  been  measured  from  ap))ro- 
priate  base  lines  and  the  measurements  in  millimetres  are  written  on  the  tlirce  curves  at 
intervals  of  fiftieths  of  a  second.  Tlie  chart  has  been  reduced  in  reproduction.  These 
measurements,  after  minor  correction  (Table  I)  have  been  used  to  calculate  the  set  of  the 
electrical  axis  at  fiftieths  of  a  second  intervals,  diu-ing  the  progress  of  the  four  auricular 
cycles. 


I 
Fig.  2.  Case  I.  (Record  2,  16/3/21.)  Sagittal  plane.  At  the  angles,  calculated  from  the  last 
figure,  lines  have  been  drawn  from  a  centre  point  to  a  spiral  line,  on  which  are  marked  the 
crossing  points  of  the  angle  lines,  and  the  appropriate  times  (Fig.  1 )  have  been  written  against 
these  points.  The  angles  have  been  plotted  relative  to  the  line  of  lead  1  in  the  sagittal  plane. 
from  which  the  leads  were  used. 
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Safjillfil  plane.  We  have  taken  simultaneous  curves  in  tliis  plane  on 
six  separate  occasions  over  a  period  of  three  months  ;  the  curves  of  each 
group  arc  similar  and  show  consistent  relations  to  eacli  other.  The  form  of 
curve  from  any  of  the  three  leads,  and  the  relation  of  the  oscillations  of 
the  different  leads  to  each  other,  are  not  constant  from  moment  to  moment ; 
but  similar  variations  have  been  discovered  on  each  occasion  upon  \\hich 
he  has  been  examined. 

Fig.  12  is  our  first  illustration.  Three  ventricular  complexes  are  shown, 
and  between  these  appear  the  characteristic  curves  of  the  fibrillating  auricle. 
The  oscillations  are  irregular  in  amphtude,  length  and  form,  within  certain 
limits;  but,  as  is  usual,  the  jirevaiUng  form  is  a' relatively  abrupt  up- 
stroke and  slower  decHne.  In  the  curves  of  leads  1  and  2*  corresponding 
oscillations  are  very  similar  and  corresponding  points  upon  them  are  almost 
synchronous  ;  the  upstrokes,  however,  are  not  quite  synchronous,  they  begin 
earliest,  though  by  a  very  small  fraction  of  a  second  in  curve  1.  In  the 
curve  of  lead  3  the  oscillations  are  more  rounded  and  their  upstrokes 
are  less  abrupt  ;  these  oscillations  begin  to  rise  distinctly  earlier  than  do 
the  rises  in  curves  1  and  2.  Similarly  the  summits  in  curve  3  very  dis- 
tinctly precede  those  of  curves  1  and  2.  This  type  of  record,  as  we  shall 
see,  is  associated  with  an  anticlockwise  rotation  of  the  electrical  axis  in 
the  particular  plane  used.  It  is  to  be  observed  that  the  oscillations  are 
not  equally  distinct  over  the  whole  record  ;  particularly  is  this  the  case  in 
curve  3,  at  the  end  of  which  the  oscillations  are  diminutive  and  broken. 
We  have  chosen  for  further  analysis  four  oscillations  a  to  e,  and  the  chart 
of  these  is  published  in  Fig.  1.  The  measurements  are  given  in  Table  I 
and  the  angles  are  plotted  in  Fig.  2.  Because  we  trace  the  angles  over 
several  cycles,  the  manner  of  expressing  these,  hitherto  adopted,  has  been 
modified.  Lines,  wliich  are  not  shown  in  the  figure,  are  drawn  from  the 
centre  point  at  the  correct  angles  to  cut  a  spiral,  and  the  successive  fiftieths 
of  a  second  are  written  against  the  spiral  at  the  points  of  crossing.  It  will 
be  seen  that,  throughout  the  four  cycles  charted,  the  electrical  axis  revolves 
in  an  anticlockwise  fashion,  mth  the  unimportant  exception  of  a  slight 
movement  in  the  reverse  direction  (between  018  and  0-20  of  a  second). 
The  points  on  the  spiral  are  not  equidistant  ;  neither  are  they  uniformly 
distributed,  but  tend  to  congregate  above  and  below.  A  similar  distribution 
was  seen  in  our  case  of  flutter,  and  its  significance  appears  to  be  that  the 
movement,  as  it  is  projected  on  the  sagittal  plane,  is  not  circular  but  some- 
what elliptical. 

Fig.  14  is  a  second  example  of  very  similar  kind.  The  oscillations  are 
maximal  and  of  almost  equal  amphtude  in  all  leads  in  the  early  phase  of  the 
record  ;  in  the  later  phases  they  are  less  consjiicuous.  The  oscillations 
(a,  b  and  c)  at  the  beginning  are  almost  uniform  in  form  and  size.     In  curves 

*  The  points  used  in  leading  off  in  tliis  and  other  planes  are  described  precisely  in  the  preceding 
article  (page  344).  Tlie  curve  is  labelled  in  eacli  instance  according  to  the  lead  from  which  it  waa 
taken. 
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TABLE  I.     {Ca.se  I.     Record  2,  10  3,: 
(Sagillal  plane.) 


Leads;  E.M.F.  in  raUlivoIts  (  x  122). 


000 
002 
004 
006 
0-08 
010 
012 
014 
016 
018 
0-20 
0-22 
0-24 
0-26 
0-28 
0-30 
0-32 
0-34 
0-30 
0-38 
0-40 
0-42 
0-44 
0-46 
0-48 
0-50 
0-52 
0o4 
0o6 


5 

*?  9 

9 

7 

10 

4 

7 

0 

« 

-2 

-W12 

-7 

-12 

-3 

14 

U  18 

16 

14 

13 

10 

8 

4 

-13° 

-05" 

-115° 

-166° 

79° 

18° 

-43° 

-60° 

169° 

177° 

1.50° 

24° 


009 
008 
006 
006 
006 
005 
012 
003 
002 
005 
Oil 
006 
008 
Oil 
012 
009 
007 
006 
007 
008 


174° 

010 

165° 

010 

42° 

015 

23° 

014 

17° 

Oil 

0° 

007 

*  The  figure  whicli  is  crossed  out  is  that  wliich  represents  the  original 
1  altered  to  render  the  fit  perfect  for  purposes  of  calculation. 
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TABLE  II.     (Case  I.     if ecord  8,  I C/3/2 1.) 
(Sagittal  plane.) 


Leads  ;  E.M.F.  in  mUUvolts  (  x  122). 


E.   in 
Angle.  millivolts. 


000  -  b  -  7  -  1  - 143°  006 

002  1  7  9  6  82°  006 

004  6  5  -1  21°  OOo 
OOG  8  -4  -12  -49°  010 

005  5  -8  -13  -66°  010 
010  0  -10  -10  -90°  009 
012  -5  -10  -5  -120°  008 
014  -8  -8  0  -150°  0-08 
0-lfl  -2  10  12  99°  010 
0-18  1  9  8  84°  008 
0-20  4  0  -4  -30°  004 


0-22 

3 

-7 

-10 

-72° 

008 

0-24 

-1 

-10 

-11 

-85° 

010 

0-2(i 

-3 

-U-12 

-9 

-104° 

010 

0-28 

-6 

-9-10 

-4 

-127° 

008 

0-30 

0 

6 

6 

90° 

006 

0-32 

4 

U  12 

8 

70° 

010 

0-34 

3 

3 

0 

30° 

003 

0-30 

-3 

-8 

--) 

-112° 

007 

0-38 

-4 

-12 

-8 

-110° 

010 

0-40 

-,i 

-•> 

-  I2:r 

(too 

1  and  2  they  appear  to  rise  simultaneously  ;  but  in  curve  3  the  rises  begin 
at  earlier  points  ;  in  tliis  lead  the  rise  is  at  first  gradual  and  then  more 
abrupt.  These  three  oscillations  are  charted  in  Fig.  3.  It  wiU  be  observed 
that,  Avhereas  the  initial  rises  of  the  oscillations  begin  simultaneously  in 
curves  1  and  2,  the  oscillations  of  curve  2  out  the  base  hues  first.  The 
base  lines  are  cut  at  a  still  earlier  phase  by  the  oscillations  in  curve  3, 
The  order  in  which  the  base  lines  are  crossed  is  3,  2  and  1,  and  this 
arrangement  is  always  associated  with  a  relatively  uniform  movement  in  an 
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TABLE  III.     (Case  I.     7?ecord  11.  9/3/21.) 
(Sagittal  plane.) 


lis:   K.M.R  in  millivolts  (X  102). 


Angle. 


000 

-11 

-7 

002 

-17 

-13 

004 

-1") 

-  16 

006 

-11 

-v. -10 

008 

-3 

-10 

010 

10 

0 

0-12 

15 

6 

014 

10 

5 

010 

-2 

2 

0-lS 

-11 

-3 

0-20 

-14 

-6 

0-22 

14 

-8 

0-24 

-7 

-7 

0-2C 

11 

0 

0-28 

li!   13 

6 

0-30 

11 

6 

0-32 

-1 

2 

0-34 

-10 

-2 

0-30 

-11 

-4 

0-38 

-7 

-.-, 

-147° 

018 

-132° 

01 6 

-107° 

010 

-30° 

Oil 

-7° 

015 

0° 

0-10 

120° 

004 

165° 

Oil 

175° 

014 

-  175° 

014 

-  l.J0° 

0-08 

3° 

Oil 

-3° 

013 

3° 

Oil 

109° 

003 

161° 

0-10 

anticlockwise  direction.  The  measurements  are  given  in  Table  II  and  the 
angles  are  plotted  in  Fig.  4.  An  uninterrupted  anticlockwise  movement  is 
shown  and,  with  the  exception  of  a  gap  to  the  left  and  above  in  the  diagram, 
the  distribution  of  the  points  is  unusually  uniform. 

In  Fig.  15  is  a  record  taken  on  another  day.  The  plane  was  approxi- 
mately sagittal,  though  it  was  tilted  a  httle  above  towards  the  left  shoulder, 
and,  as  a  consequence,  the  ventricular  curves  have  altered  their  forms.  In 
the  record  the  overlap  between  curves  1  and  2  is  first  visible,  and  that 
between  curves  2  and  3  is,  as  usual,  conspicuous.  The  record  is  how- 
ever, unusual  in  several  respects.  Of  most  importance  is  the  direction  of 
the  overlaps  ;  whereas  in  previous  figures  the  rise  is  delayed  in  passing  from 


LEWIS,     DRURY     AND     ILIESCU. 


TABLE  IV.     (Case  I.     flecord  U,  9/3/21.) 
{Sagittal  plane.) 


Leads  ;  E.M.F.  in  milUvolts  (  x 

102). 

Angle. 

E.  in 

Seconds. 

' 

2             1 

3 

millivolts. 

000 

6 

1 

39° 

006 

002 

4 

1 

-3 

-16° 

004 

004 

3 

-' 

-7 

-65° 

007 

006 

-4 

-'               1 

0 

-150° 

005 

0-08 

2 

5 

3 

67° 

005 

010 

3 

8 

5 

68° 

008 

0-12 

3 

3 

0 

30° 

003 

014 

.^6 

3 

-3 

0° 

006 

016 

2 

0 

-2 

-30° 

002 

018 

3 

-2 

-5 

-53° 

005 

0-20 

-1 

-4 

-3 

-104° 

004 

0-22 

-9 

-0 

3 

-169° 

009 

0-24 

7 

9 

2 

42° 

009 

0-26 

4 

6 

2 

49° 

006 

0-28 

6 

4 

-2 

11° 

006 

0-30 

5 

2 

-3 

-7° 

005 

0-32 

6 

2 

-4 

-11° 

0-06 

0-34 

4 

-2 

-G 

-49° 

006 

curve  3  to  curve  1,  it  Ls  now  delayed  in  passing  from  1  to  3.  Such  over- 
laps are  always  associated  with  a  clockuise  movement  of  the  axis.  It  is 
also  to  be  observed  that  the  form  of  curve  has  altered,  more  especially  in 
lead  3.  The  usual  type  in  this  lead  is  an  oscillation  rising  slowly  and 
falUng  away  more  abruptly  ;  in  the  present  curve  the  rise  is  abrupt  and  the 
fall  more  gradual.  This  form  of  record  has  not  been  pecuUar  to  the  sagittal 
lead  rotated  a  httle  towards  the  left  shoulder,  for  a  similar  reversal  of  the 
movement  of  the  axis  has  been  seen  on  most  of  the  occasions  on  which  the 
sagittal  plane  has  been  examined  in  this  patient,  whether  the  plane  has  been 
precisely  sagittal  or  a  httle  tilted.  A  second  record,  Fig.  13,  taken  on  the 
same  day,  shows  both  clockwise  and  anticlockwise  movements.  Thus,  in 
the  earher  part  of  this  record  are  three  oscillations,  a,  b  and  c,  in  wliich  the 
rise  is  obviously  latest  in  curve  3  ;  while  in  the  later  phases  of  the  record 
{k  and  I  especially)  the  oscillations  of  the  curve  3  have  precedence.     The 
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charted  portions  of  this  record  are  shown  in  Figs.  5  and  6,  the  measurements 
are  given  in  Tables  III  and  IV,  and  the  angles  are  plotted  in  the  combined 
diagram,  Fig.  7. 

It  is  to  be  emphasised  that  the  clockwise  movement  in  the  sagittal 
plane  is  exceptional  in  this  patient,  and  when  it  appears  is  never  long 
maintained  ;  the  predominant  movement  is  anticlockwise.  The  meaning 
of  this  occasional  and  temporary  reversal  ^^ill  be  discussed  at  a  later 
stage. 

Two  other  types  of  record  have  been  obtained  from  the  sagittal  plane 
in  this  patient.  The  first  is  comparatively  fleeting,  but  has  been  seen  on  a 
number  of  occasions.  TJie  oscillations  in  curves  1  and  2  are  similar  in 
form  and  amphtude,  while  curve  3  remains  practicallj^  isoelectric.  This 
phenomenon  is  shown  in  Fig.  16,  oscillations  a,  b  and  c.  It  is  clear  that  the 
potentials  at  any  given  instant  are  equal  (whether  +  or  —  quantities)  in 
curves  1  and  2,  from  which  it  is  to  be  deduced  that  the  axis  is  setting 
alternately  at  30  and  — 150  degrees.  There  is  no  rotatory  movement,  but 
a  movement  up  and  down  one  Une  ;  but  these  oscillations,  which  show  the 
constant  set  of  the  axis  up  and  down  a  single  line,  are  in  series  with  others 
(namely, /i  and  i),  which  speak  for  the  usual  anticlockwise  movement.  The 
meaning  of  the  change  is  hardly  to  be  doubted  ;  the  explanation  is  that 
wiiich  has  been  put  forward  already  by  Drury  and  Hiescu  to  explain  the 
sudden  disappearance  of  ocsillations  from  a  single  lead.  It  is  that  the  plane 
of  the  circus  movement  has  altered.  If  a  wave  is  circulating  in  or  near  the 
sagittal  plane,  and  its  movement  controls  the  set  of  the  electrical  axes  from 
instant  to  instant,  these  axes  will  show  rotation  ;  but  if  at  any  time  the  plane 
of  movement  alters,  so  that  it  comes  to  he  at  right  angles  to  the  sagittal  plane 
then  the  circular  movement  will  no  longer  be  represented  in  the  sagittal 
plane  ;  tlie  axis  will  set  up  and  down  one  hne,  although  the  circular  movement 
continues.  Theoretically,  to  bring  about  such  an  alteration,  the  plane  must 
rotate  through  90  degrees,  more  or  less,  according  to  its  original 
inchnation  to  the  sagittal  plane.  Probably  the  plane  becomes  rotated 
by  some  45  to  90  degrees.  The  highest  figure  at  all  probable  is  135 
degrees,  but  there  are  reasons  for  regarding  so  large  a  movement  as 
unlikely. 

The  second  unusual  type  of  curve  is  one  in  which  curve  2  becomes 
almost  isoelectric,  wliile  curves  1  and  3  show  equal  ampHtudes,  their 
several  phases  being  opposite  in  direction.  Such  records  are  also  to  be 
explained  by  rotation  of  the  plane  of  movement,  the  axes  setting  up  and  down 
a  hne,  having  an  inchnation  of  — 30  degrees  and  120  degrees  to  the  hne  of 
lead  1.  To  convert  curves  of  the  first  type  described,  in  which  curve  3 
becomes  ioselectric,  to  those  of  the  second  type,  in  wliich  curve  2  becomes 
isoelectric,  would  require  a  rotation  of  the  plane  of  movement  through  no 
less  than  60  degrees. 
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Fig.  5.  Case  I.  (Record  11,  9/3/21.)  Sagittal  plane.  A  chart  similaily  constructed  from 
oscillations  a  to  c  of  Fig.  13.  The  original  enlargement  was  to  10-2  diameters.  The 
corresponding  table  is  Table  III. 
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Fig.  0.      Case  I.     (iJecord  11,  9/3/21.)     Sagittal  plane.      A  similar  chart  from  oscillations  fc  and  J 
of  Fig.  13.     The  original  enlargement  was  to  10-2  diameters.     Table  IV  corresponds. 
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Fig.  7.  Case  I.  (Record  11,  9/3/21.)  Sagittal  plane.  This  diagram  of  the  angles  corresponds 
to  tlie  charts  of  Figs.  5  and  6.  Tlie  inner  spiral  shows  a  clockwise  rotation  of  the  axis 
corresponding  to  oscillations  a-c  of  Fig.  12  ;  the  outer  spiral  shows  an  anticlockwise  rotation 
of  the  axis,  corresponding  to  oscillation  k,  I,  of  the  same  record. 

We  may  now  return  to  discuss  what  happens  when  the  direction  of  axis 
rotation  changes,  as  this  is  projected  to  a  single  plane.  Such  reversal  does 
not  necessarily  mean  that  the  circus  movement,  at  first  moving  in  one  direction 
through  a  ring  of  tissue  in  the  auricle,  turns  back  and  retraces  its  path  through 
the  same  ring  in  an  opposite  direction.  There  is  another  and  more  plausible 
explanation.  A  remarkable  curve  has  been  pubhshed  and  commented  upon 
by  Drury  and  Iliescu  ;  it  is  Fig.  10  of  their  article,  and  it  was  taken  from  the 
patient  wliich  we  are  now  describing.  In  a  record  from  the  chest,  taken  in 
the  sagittal  plane  (our  lead  1),  the  oscillations  show  an  abrupt  change  of 
direction.  Though  we  have  taken  scores  of  records  from  this  patient, 
hoping  to  obtain  a  similar  curve,  simidtaneously  M-ith  the  companion  curve 
from  the  other  jjoints  of  the  triangle,  we  have  not  full\-  succeeded.  Where 
we  have  seen  a  clear  reversal  of  the  characteristics  of  the  oscillation  (Figs.  13 
and  12,  k,  I)  already  described,  the  change  has  been  in  curve  3.  To 
explain  such  reversal  in  the  form  of  the  oscillations  it  seems  to  us  necessary 
to  suppose  a  reversed  direction  so  far  as  that  particular  lead  is  concerned. 
That  is  possible  without  the  direction  of  movement  becoming  reversed  in  a 
particular  ring  of  muscle.  Suppose  that  the  plane  of  movement  Kes  at  right 
angles  to  the  plane  from  which  the  curves  are  being  taken,  and  our  records 
speak  of  this  happening  in  respect  of  the  sagittal  plane  from  time  to  time, 
and  suppose  that  the  plane  of  movement  rotates  about  a  vertical  axis  in  one 
direction,  the  movement  will  be  projected  to  the  plane  of  the  leads  as  a 
clockwise  movement,  while  a  similar  rotation  in  the  opposite  direction  will 
result  in  the  movement  being  projected  to  the  plane  of  the  leads  as  an 
anticlockwise  movement.     Our  meaning  may  be  made  clearer  by  means  of 
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Fig.  IS,  in  whicli  a  ring  is  represented  in  two  positions,  rotated  from  a 
central  position  to  the  right  or  to  tlie  left  respectively.  Tlie  movement  is 
around  the  ring,  being  up  its  near  limli  and  down  its  far  hmb.  According 
to  the  angle  from  which  the  ring  is  seen,  the  movement  appears  clockwise  or 
anticlockwise.  If  the  ring  were  placed  in  the  intermediate  position,  rotation 
would  no  longer  be  visible. 

Reversal  of  the  axis  rotation  as  this  is  calculated  in  a  single  plane  is  sus- 
ceptible of  one  of  two  explanations ;  either  the  path  travelled  is  constant,  and 
the  direction  of  movement  along  it  becomes  reversed,  or  the  path  alters  to  such 
a  plane  that  apparent  reversal  takes  place  (Fig.  IS).  A  rotation  of  the  plane 
of  not  less  than  60  degrees  to  90  degrees  would  probably  be  necessary  before 
both  clockwise  and  anticlock^\-ise  movements  were  well  displa^-ed  by  leads 
from  the  same  plane.  We  prefer  the  last  explanation  for  several  reasons. 
Firstly,  such  a  rotation  of  the  plane  of  movement  would  reverse  the  direction 
of  movement  relative  to  one  lead  only  ;  reversed  direction  in  a  fixed  ring  of 
muscle  would  reverse  the  direction  of  movement  relative  to  all  three  leads. 
When  the  change  comes,  a  conspicuous  alteration  in  the  type  of  oscillation 
has  been  seen  to  occur  in  one  lead  only,  the  form  being  unaltered,  or  Uttle 
altered,  in  the  remaining  lead  or  leads.  Secondly,  reversed  movement 
through  a  given  ring  of  muscle  should  be  accompanied,  we  tliink,  by  a 
notable  disturbance  in  the  incidence  of  the  oscillations  ;  it  is  true  that 
in  the  curve  published  by  Drury  and  Iliescu  this  may  have  happened,  but 
it  does  not  appear  to  be  the  rule.  Tliirdly,  if  the  movement  reverses  itself 
in  a  given  ring,  it  would  be  expected  that  tlus  direction  of  movement  would 
from  time  to  time  become  stable  ;  actually  the  change  considered  is  a  fleeting 
one,  as  though  the  wave  were  diverted  temporarih"  soon  to  return  and 
re-establish  itself  on  the  original  path.  Our  final  reason  is  of  a  theoretical 
kind  ;  we  find  it  difficult  to  conceive  that  a  wave  maj"  turn  backwards  on 
the  same  path  for  any  considerable  distance,  for  tliis  path  would  for  some 
time  be  refractory.  This  conception  was  actually  discussed  by  Mines  ;  that 
the  direction  may  be  reversed  for  a  short  distance,  as  when  a  wave  passes 
around  the  edge  of  a  refractor^'  barrier  of  muscle,  seems  to  us  conceivable  ; 
but  our  experience  of  such  return  is  opposed  to  the  view  that  it  happens 
through  anj-tliing  but  relatively  short  stretches  of  muscle.  Although  such 
evidence  as  we  possess  is  opposed  to  reversal  in  a  given  ring,  and  favours  the 
alternate  idea  that  there  is  a  change  from  one  ring  to  another  Ijing  in  a 
somewhat  different  plane,  but  having  a  centre  point  not  far  removed  from 
the  old  one  ;  yet  we  fully  reaUse  that  more  extensive  observations  are 
required  from  this  point  of  view  before  a  final  conclusion  can  be  reached. 

Frontal  plane.  A  series  of  records  taken  in  this  plane  on  the  same  day 
as  Fig.  12,  show  oscillations  of  similar  amplitude  to  those  already  described 
in  so  far  as  the  curves  of  leads  1  and  '2  are  concerned.  In  curve  3  the 
oscillations  are  for  the  most  part  weak,  not  infrequently  disappearing 
(Fig.  17).     When  present  in  curve  o,  either  in  short  groups,  or  over  longer 
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stretches  of  record,  they  are  seen  to  precede  the  corresponding  oscillations 
of  curves  1  and  2,  indicating  an  anticlock^\dse  movement  of  the  axis.  In 
one  or  t\\o  records  clockwise  rotation  is  indicated  during  soUtary  cycles. 
The  prevailing  movements  in  this  plane,  therefore,  are  an  anticlockwise 
movement,  though  not  pronounced,  and  occa.sional  linear  movement,  up  and 
dowTi  an  axis  incUned  at  30  degrees  to  the  horizontal  (the  inclination  being 
upwards  and  to  the  right  in  the  patient's  bod}')- 

Horizontal  plane.  A  series  of  records,  taken  from  this  plane  on  the  same 
day  as  those  last  described,  show  that  in  this  plane  the  leads  are  least 
favourable.  The  oscillations  are  of  greatest  amjihtude  in  the  curve  from 
lead  3  and  of  relatively  small  ampUtude  in  those  of  leads  1  and  2.  The 
oscillations,  when  distinct  in  all  three  curves,  are  not  synchronous  ;  some- 
times a  clockwise  movement  of  the  axis,  and  on  one  occasion  an  anti 
clockwise  movement,  is  indicated. 

The  planes  considered  together.  The  prevailing  movement  in  this  patient 
is  anticlockwise  in  the  sagittal  plane,  less  pronouncedly  antielock^^ise  in 
the  frontal  plane,  and  verj'  weakly  clockwise  in  the  horizontal  plane. 
Imagine  a  ring  of  muscle  hing  in  the  sagittal  plane,  and  that  movement  is 
up  the  anterior  hmb  of  the  ring  and  down  the  posterior  limb.  Let  this  ring 
be  moved  a  httle  so  that  its  anterior  hmb  comes  to  he  more  towards  the  left 
in  the  patient's  body  and  the  posterior  hmb  more  towards  the  right  ;  let  the 
ring  be  tilted  also,  though  very  shghtly,  so  that  the  top  of  it  is  carried  a  httle 
towards  the  patient's  right  shoulder,  and  an  approximate  idea  of  the 
predominant  movement  as  seen  in  three  dimensions  is  obtained. 


Second  case. 

We  have  investigated  the  movements  of  the  auricular  electiical  axis 
and  have  obtained  evidence  of  rotation  in  four  cases  of  fibrillation  of  the 
auricles.  Our  first  case  is  described  in  some  detail ;  a  briefer  description 
of  a  second  case,  to  confirm  the  main  observations  in  our  first  case,  should 
suffice  to  illustrate  our  observations. 

M.,  a  jDensioner  of  24  years,  was  discharged  from  the  Army  because  of 
breathlessness  and  giddiness  on  shght  effort,  after  serving  for  eighteen 
months.  He  has  been  under  observation  for  chronic  fibrillation  of  the 
auricles  for  nine  months. 

The  heart  is  enlarged,  the  heaving  impulse  Ij'ing  in  the  6th  space, 
2  inches  beyond  the  nipple  fine  ;  the  ribs  move  with  the  heart  beat.  He  has 
mitral  stenosis,  as  evidenced  In  a  fuU  diastohc  or  early  diastohc  rumble  at 
the  impulse.  When  first  seen  he  was  suffering  from  heart  failure  with 
congestion,  the  fiver  being  engorged.  Of  recent  months  his  health  has  much 
improved  under  a  regime  of  rest  and  digitahs  therapy.  While  the  following 
observations  were  being  made,  he  was  taking  15  to  3(1  minims  of  digitahs 
tincture  daily. 
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TABLE  V.     {Case  1 1.     iJccorrf  9,  5,3/21.) 
{Frontal  jilane.) 


Leads  ;  E.M.F.  in  millivolts  (  X  74). 

Angle. 

E.  in 

Seconds. 

1 

2 

3 

millivoUs. 

0-00 

7 

tj  10 

3 

47° 

014 

002 

6 

C 

30° 

009 

004 

0 

-3 

-3 

-90° 

0-05 

OOli 

-%-l 

-X-9 

., 

-138° 

013 

008 

-8 

-9 

-1 

-144° 

013 

010 

-8 

-8 

-150° 

0-12 

012 

4 

ti  5 

41° 

0-07 

OU 

4 

8 

60° 

Oil 

016 

3 

X  8 

68° 

Oil 

018 

^  4 

4 

30° 

006 

0-20 

2 

-2 

-4 

-60° 

005 

0-22 

-5 

-5^-9 

-4 

-124° 

012 

0-24 

-9 

-\^-\l 

-2 

-140° 

016 

0-26 

-10 

-9 

-155° 

015 

0-28 

0 

0 

— 

— 

0-30 

X  6 

8 

44° 

Oil 

0-32 

6 

9 

49° 

012 

0-34 

6 

J^  9 

49° 

0-12 

0-36 

8 

6 

-2 

16° 

0-11 

0-38 

4 

1 

-16° 

006 

0-40 

-3 

-8 

-5 

-112° 

Oil 

0-42 

-8 

-8 

-150° 

0-12 

0-44 

-7 

-5 

-166° 

010 

0-46 

6 

J«  9 

49° 

0-12 

0-48 

7 

8 

37° 

012 

0-50 

6 

X  6 

30° 

009 

0-52 

7 

6 

-1 

22° 

0-10 

0-54 

4 

1 

-3 

-  16° 

006 

0-56 

-1 

-^-5 

-^-4 

-101° 

007 

0-58 

-7 

-7 

0 

-150° 

Oil 

0-60 

-3 

0 

3 

150° 

005 

0-62 

7 

t)  10 

3 

47° 

014 

or,4    ■ 

7 

>  0 

•2 

42° 

J 

013 
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TABLE  VI.     (Case  II.     i?ecor<i  1,  5/3 '21.) 
{FTOiital  plane.) 


;  ;  E.M.F.  in  millivolts  ( ; 


E.  in 
Angle.  millivolts. 


0-00 

8 

002 

004 

0-00 

0-08 

-1 

-!^-5 

010 

-«-7 

012 

014 

016 

X  8 

018 

-1 

0-20 

-* 

-1 

0-22 

-4 

0-24 

-2 

-0 

0-26 

-4 

0-28 

0-30 

0-32 

-2 

0-34 

-5 

0-36 

-6 

0-38 

-T-8 

-2 

0-40 

-T-8 

-7 

0-42 

-i 

-4 

0-44 

0-46 

8 

0-48 

2 

4 

65= 

010 

3 

76° 

006 

1 

90° 

002 

4 

-101° 

007 

7 

-90° 

Oil 

5 

-30° 

008 

1 

39° 

009 

5 

68° 

Oil 

5  4 

104° 

006 

3 

164° 

006 

1 

-  136° 

006 

4 

-109° 

008 

5 

-79° 

007 

4 

-30° 

006 

2 

60° 

005 

8 

104° 

Oil 

9 

124° 

012 

8 

136° 

Oil 

6 

164° 

Oil 

1 

-157° 

012 

0 

-150° 

006 

1 

-30° 

002 

0 

30° 

012 

2 

60° 

005 

Frontal  jAane.  Leads  in  this  plane  have  been  used  on  six  separate 
occasions,  extending  over  a  period  of  one  month.  The  curves  have  been 
remarkably  uniform  in  type,  exceptional  records  being  taken  on  a  few 
occasions.  The  prevaihng  type  of  record  is  shown  in  Fig.  19.  The 
oscillations    are    very    conspicuous    in    the    curves  of  leads  1   and  2,   less 


376  LEWIS,     DRURY    AM)     ILIESCU. 


Fig.  9. 

Fig.  8^      Case  1 1.     ( Record  9,  5  '3, 21.)      Frontal  plane.     OscUlations  a  to  c  of  Fig.  19  are  charted. 

Tlie  original  enlargement  was  to  7-4  diameter.     Table  V  corresponds. 
Fig.  9.      Case   I  J.     (ffecorrf  9,  5;  3/21.)      Frontal  plane.     The  diagram  of  angles  corresponds  to 

the  chart  of  Fig.  8.     Tlie  angles  have  been  plotted  relative  to  the  line  of  lead  I  of  the  frontal 

plane. 
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Fig.  11. 

Fig.    10.      Casell      (iJtcord  1,  5/3,21.)      Frontal  plane.     A  chart  of  oscillations  a  to  d  of  Fig.  20. 
plotted  uTf-  ^°j /^^™^"*  was  to  7-4  diameter.     Table  VI  corresponds.     The  angles  have  been 
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conspicuous  in  those  of  lead  3.  The  rises  occur  simultaneously  in  curves 
1  and  2,  but  both  are  preceded  by  the  rise  in  curve  3.  An  anticlock- 
wise movement  is  thereby  indicated.  The  oscillations  a  to  e  are  charted  in 
Fig.  8  ;  the  measurements  are  given  in  Table  V  and  the  angles  are  plotted  in 
Fig.  9.  The  movement  of  the  axis  for  four  cycles  is  uniformly  anticlockwise, 
with  the  exception  of  two  insignificant  movements  in  a  reverse  direction 
(at  012  to  016  and  at  0-30  to  0-32). 

In  very  occasional  records  a  clock\yise  movement  was  exliibited  in  this 
plane,  and  is  exemplified  by  Fig.  20.  The  oscillations  are  now  almost  equally 
conspicuous  in  the  three  leads.  Overlap  occurs  between  curves  1  and  2, 
and  also  between  curves  2  and  3.  The  rise  comes  first  in  cirrve  1  and 
latest  in  curve  3,  as  is  usual  when  the  movement  is  clockwise.  Oscillations 
a  to  rf  of  this  record  are  charted  in  Fig.  10,  the  measurements  are  given  in 
Table  VI  and  the  angles  are  plotted  in  Fig.  11.  For  three  full  cycles  a 
remarkably  uniform  clockwise  rotation  is  to  be  seen. 

In  the  same  record  Hnear  movement  of  the  axis  is  displayed,  oscillations 
(/,  it,  and  I)  of  equal  amplitude  and  form  appearing  in  curves  1  and  2, 
while  curve  3  shows  little  or  no  trace  of  oscillation.  A  more  pronounced 
example  of  the  last  type  of  record  is  shown  in  Fig.  21.  In  this,  six  oscillations 
of  equal  form  and  amplitude  appear  in  curves  1  and  2,  while  curve  3  is 
almost  stationary. 

Thus,  the  curves  taken  from  the  frontal  plane  in  this  patient  show 
similar  manifestations  to  those  taken  from  the  sagittal  plane  in  the  first 
patient.  The  bulk  of  the  records  exhibit  an  anticlockwise  rotation ;  that 
is  the  predominant  movement ;  occasionally  a  clockwise  movement  is 
exhibited,  occasionally  the  axis  sets  up  and  down  one  line. 

Sagittal  plane.  Curves  from  this  plane  have  been  taken  on  three 
occasions.  The  oscillations  in  this  plane  are  conspicuous,  especially  in  the 
curves  of  leads  1  and  3,  while  in  that  of  lead  2  they  are  diminutive  and 
sometimes  absent.  The  directions  are  reversed  in  curves  1  and  3,  but 
alike  and  for  the  most  part  synchronous  in  curves  1  and  2.  Very 
occasionally  overlap  is  seen  between  curves  1  and  2,  indicating,  for  a  few 
cycles  only,  either  clockwise  or  anticlockwise  rotation. 

Horizontal  plane.  Curves  from  leads  in  this  plane  have  been  taken  on 
two  occasions.  Small  oscillations  appear  in  the  curves  of  all  three  leads  from 
time  to  time,  but  they  are  never  conspicuous.  They  may  appear  synchron- 
ously in  all  three  curves  and  may  then  have  similar  directions  ;  in  other 
portions  of  the  records  they  are  sj-nchronous,  but  reversed  in  direction  in 
curves  1  and  3.  Occasional  overlap  is  seen,  indicating  either  a  clockwise  or 
anticlockwise  movement. 
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Summary  of  chief  observations  and  conclusions. 

The  observations  which  we  have  now  recorded  seem  to  us  to  point 
conclusively  to  the  nature  of  auricular  fibrillation.  A  study  of  the  move- 
ments of  the  electrical  axis  ot  the  auricle  confirms  in  a  striking  manner  the 
conclusion  which  has  been  drawn  from  experiments  on  animals,  namely, 
that  in  fibrillation  a  single  circulating  wave  controls  the  beating  of  the 
auricles.  But  this  central  or  circulating  wave  does  not  run  the  constant 
course  which  it  pursues  in  flutter  :  there  is  very  suggestive  evidence  that  the 
plane  of  movement  alters  from  time  to  time  ;  the  movement  as  projected  to 
a  single  plane  may  actually  show  reversal.  We  are  opposed  to  the  view  that 
such  reversal  indicates  flow  in  a  contrary  direction  through  a  single  circular 
path  ;  and  attribute  it  to  swing  of  the  plane  of  movement  through  some 
60  degrees  or  90  degrees,  perhaps  more,  whereby  the  direction  of  movement, 
as  projected  to  a  single  plane,  is  reversed.  The  s^\-ing  of  the  plane  we  attribute 
to  the  excitation  wave  temporarily  entering  and  travelling  through  a  new 
channel  for  a  few  cycles,  shortly  to  revert  to  its  original  channel. 

The  records  taken  from  a  given  patient  from  time  to  time  show 
considerable  uniformity  for  particular  leads  and  planes.  It  is  true  that 
there  is  variation,  but  in  a  given  lead  one  type  of  curve  predominates  and  in 
a  given  plane  one  type  of  movement  of  the  electrical  axis  predominates. 
Such  variations  from  these  tj^es  as  are  seen  are  repeated  from  time  to  time. 
The  mechanism  in  fibrillation  of  the  auricles,  though  it  is  a  mechanism  which 
varies  from  cycle  to  cj'cle  and  from  one  record  to  the  next,  is  constant  with 
its  own  peculiar  variations  for  any  given  patient.  In  such  patients  there 
appears  to  be  a  definite  channel,  for  which  the  central  excitation  wave  shows 
a  predilection  ;  sometimes,  perhaps,  it  is  forced  out  of  this  channel,  but  if 
tliis  happens  the  wave  soon  returns  to  its  old  path,  repeating  its  old  course 
and  in  the  original  directio'.i. 
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Fig.   13.      Ca.se    I.     {Rcrorri   11,  9:i21.)     Sagittal  plane.     Simultaneous  electrocardiograms  bv 
leads  i,  ;?  and  -i.     The  record  from  which  Figs  5  and  6  have  been  constructed. 
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Fig.    15.      Case  I.     (i?eco«/ 6.  9  3,'21.)     Sagittal  plane.     Similar  curves  showing  that  tli< 
tions  (a,  6  and  c)  of  curve  2  rise  first,  of  curve  2  rise  second,  and  of  curve  3  rise  last. 
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/.      (/(■<<-.>rr/  6,   IK  3  21.)     Saqittal  plan 
mil  oscillHtioiis  in  curves  /  and  2.  wliilf  <■ 


curves  showing  simiiltnneous 


K:i;.  17.  L\i.,c  I.  ( /.'tcon/  3,  9  3  I'l.)  Froi.lulpla 
and  almost  equal  oscillations  a-c  in  curves  1  i 
At  i,  the  oscillation  rises  first  in  curve  3. 


I 
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l''ig.    18.      A  pliotograph  of  a  ring  deviatetl  a  little  to  the  right  and  a  little  to  llip  left,  to  sin 
these  deviations  exj)ose  anticlockwise  and  clockwise  movements. 


Kig.     Hi.        (a.-,       I  I. 


I.15   luLX'id  lia.-.   bui-n   iKsed   in 
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Kig.  20.  Ca-^e  II.  (Reroril  1,  5  3,21.)  Frontal  plane.  Tliis  record  has  been  used  in  con- 
structing the  chart  of  oscillations  a  to  d  (Fig.  10).  The  relation  of  these  oscillations  in  the 
three  curves  shows  a  olockmse  movement  of  the  axis.  Lat«r  in  the  curve  the  oscillations 
of  curve  1  ami  ?  rise  synchiouDUsIy,  and  are  of  equal  amplitude,  wliile  curve  3  shows  little  or 


Fi;-'.  21.  Ca.se  II.  (Record  U,  5/3  21.)  t> 
.■simultaneous  oscillations  of  equal  amplin 
isoelectric. 
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A    CASE    SHOWING    BUNDLE    BRANCH    BLOCK    WITH    EXTRA- 
SYSTOLES    ORIGINATINC    IN    THE    VENTRICULAR    SEPTI^^r. 


By  ALBION  WALTER  HEWLETT. 
{From  the  Departmenl  of  Jledicine,  Stanford  Universiiy.) 


The  type  of  ventricular  complex,  usually  attributed  to  defective  couductiou 
in  a  main  branch  of  the  His-bundle,  is  characterised  (1)  by  a  prolongation 
of  Q.R.S..  wliicli  often  shows  a  large  amplitude  in  leads  /  and  III  and  a 
notcliing  in  these  leads,  and  (2)  by  a  T.  wliich  in  leads  /  and  /  /  /  is  directed 
in  the  opposite  cUrection  from  the  main  Q.B.S.  deflection,  and  which  is  often 
of  large  amplitude.  Such  complexes,  when  of  supraventricular  origin,  have 
been  interpreted  as  bundle  branch  block  {^),  mainly  because  analogous  changes 
occur  when  a  primary  branch  of  the  His-buncUe  is  cut  or  compressed  in 
animals.  The  post-mortem  study  of  hearts  from  patients  who  showed  such 
aberrant  complexes  during  Ufe  has  onh'  partly  confirmed  this  interpretation  ; 
for  while  in  some  instances  the  assumed  lesion  in  one  of  the  primary  sub- 
divisions of  the  His-bundle  has  been  found,  in  others  it  has  not  been 
demonstrated.  Such  failures  do  not  necessarilj-  invalidate  the  above 
hypothesis,  since  it  is  known  that  no  anatomical  cause  may  be  found  for  an 
.4-  V  block  that  had  been  demonstrated  during  Ufe.  Oppenheimer  and 
Rothschild  ("-)  have  offered  a  cUfferent  explanation  for  aberrant  ventricular 
complexes  wliich  resemble  those  that  we  are  considering.  On  pathological 
examination  they  found  lesions  that  involved  the  finer  subdivisions  of  the 
His-bundle.  Hence  they  proposed  the  designation  "  arborization  block." 
Wilson  and  Herrmann  (*)  have  shown  that  complexes  similar  to  those 
described  by  Oppenheimer  and  Rothschild  may  result  in  animals  from 
delayed  conduction  in  one  branch  of  the  His-bundle,  and  they  (*)  have 
reported  case  records  where  this  seemed  the  probable  interpretation  in  man. 
In  any  event  it  is  certain  that  transitions  occur  between  the  complexes 
usually  regarded  as  typical  of  bundle  branch  block  and  the  complexes 
described  by  Oppenheimer  and  Rothschild. 

In  discussing  this  question,  Wilson  and  Herrmami  (')  pointed  out  that 
extrasystoles  originating  in  the  ventricular  septimi  might  serve  to  differ- 
entiate a  bundle  branch  block  from  an  arborization  block.  If  the  block 
were  located  in  a  primary  branch  of  the  His-bundle,  an  extrasystole  wliich 
started  in  the  septum  might  enter  the  Pm'kinje  sj-stem  of  the  abnormal 
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side  below  the  block  at  about  the  same  time  that  it  entered  the  Purkiiije 
system  of  the  normal  side.  Thus  the  wave  of  excitation  would  reach  the 
two  ventricles  more  or  less  simultaneously  and  the  resulting  ventricular 
complex  would  show  a  relativelj'  normal  form.  If,  however,  the  block  were 
located  in  the  arborization  of  the  Purkinje  fibres,  then  any  extrasystole 
would  presumably  encounter  this  block  and  the  form  of  extrasystolcs  would 
not  be  likely  to  be  more  normal  than  the  form  of  complexes  of  supra ventncular 
origin.  In  a  case  shoTsing  a  disturbance  of  conduction  to  the  right  ventricle, 
Wilson  and  Herrmami  pictured  an  extrasjstole  wliich  ^\as  more  nearly 
normal  than  the  regular  beats  of  supraventricular  origin.  Concerning  this 
they  make  the  following  comment : — "  Assuming  that  the  ventricular 
extrasystole  (cycle  A2,  Fig,  19)  was  due  to  a  single  stimulus  and  not  to  two 
stimuli,  one  arising  in  each  ventricle,  which  occcurred  simultaneously,  then 
delayed  conduction  through  the  right  branch  of  the  His-bundle  was  probably 
present  in  the  heart  from  which  this  curve  was  obtained."  The  following 
case  lends  support  to  the  argument  of  Wilson  and  Herrmann. 

The  patient,  64  years  old,  entered  Lane  Hospital  on  April  12,  1921, 
complaining  of  shortness  of  breath  and  retention  of  urine.  He  had  noticed 
occasional  paljiitation  for  thirtj'  years,  and  his  pulse  had  been  somewhat 
intermittent  for  years.  For  several  years  he  had  noticed  shortness  of  breath 
on  exertion,  some  swelling  of  the  feet,  and  evening  cough.  For  two  or  three 
years  also  he  had  had  nocturia,  difficulty  in  starting  the  urine,  and  dribbling. 
Two  weeks  before  entering  the  hospital  he  had  been  unable  to  void  liis  urine, 
and  he  had  since  been  catheterized  several  times.  Simidtaneously  his 
shortness  of  breath  became  more  troublesome.  He  had  not  voided  for  three 
days  previous  to  coming  to  the  ho.spital. 

Examination  showed  a  badly  prostrated  old  man,  The  heart  was 
moderately  enlarged  \^ith  a  systolic  murmur  at  the  apex  and  occasional 
extrasystoles.  The  marked  abdominal  distension  was  relieved  by  with- 
drawing 100  oz.  of  urine  by  catheter.  Despite  the  poor  circulation,  a 
suprapubic  cystotomy'  was  performed  on  April  29,  and  a  suprapubic 
prostatectomy  on  May  1.  The  patient  made  a  good  operative  recovery. 
Subsequent  examinations,  in  Jime  and  July,  1921,  showed  marked  improve- 
ment in  his  general  health.  Some  shortness  of  breath  still  persisted  and  his 
heart  was  still  moderately  enlarged. 

Electrocardiograms  were  taken  on  April  15,  and  again  on  April  22, 
previous  to  the  operations  (Fig.  1).  In  these  the  regular  beats  of 
supraventricular  origin  showed  all  the  characteristics  ascribed  to  a  right 
bundle  branch  block  except  that  the  waves  were  not  of  remarkablj-  large 
amiiUtude.  Q.  R.S.  had  a  duration  of  012-014  second,  and  showed  a  tendency 
to  bifurcation  in  leads  /  and  ///.  In  these  leads  T  was  directed  in  the 
opposite  direction  from  Q.R.S.,  and  the  ventricular  complex  had  a  diphasic 
form. 
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llatiier  frequent  ventricular  extrasystoles  were  recorded.  In  leads  / 
and  //  their  form  resembled  that  of  normal  ventricidar  complexes,  Q.R.S. 
being  approximately  010  second  in  duration.  In  lead  /  /  /  the  extrasystoles 
were  of  small  amplitude,  and  the  interference  with  P  frecjuently  obscured 
their  form.  Xevertheless  Q.R.S.  appeared  to  be  of  brief  duration  in  this 
lead.  In  each  lead  T  of  the  extrasystoles  was  directed  in  the  opposite 
direction  from  T  of  the  regular  rhj'thm. 

For  these  extrasystoles  of  relatively  normal  form,  in  a  case  showing 
evidence  of  disturbed  conduction  in  the  light  ventricle,  we  are  unable 
to  offer  any  explanation  other  than  that  they  originated  in  the 
interventricidar  septum.  In  our  case  the  considerable  number  of  these 
extrasj'stoles,  aU  of  the  same  form,  disposes,  we  believe,  of  the  possibility 
that  each  was  due  to  two  stimidi  arising  simultaneously,  one  in  each  ventricle. 
We  assume  that  in  these  extrasystoles  the  excitation  wave  reached  the 
conducting  system  of  the  right  ventricle  below  the  block  at  about  the  same 
time  that  it  reached  the  conducting  system  of  the  left  ventricle.  ^lanifestly 
this  could  have  occurred  if  the  block  had  been  located  in  the  upper  portion 
of  the  right  branch  of  the  His-bundle.  This  branch  gives  off  only  minor 
ramifications  during  its  passage  along  the  surface  of  the  ventricidar  septum. 
The  main  bundle  of  fil)res  leaves  the  septum  almost  intact  to  terminate  in 
the  papillary  muscles.  Animal  experiments  indicate  that  a  block  in  such 
small  ramifications  as  may  leave  the  main  bundle  of  fibres  during  its  passage 
along  the  septum  could  not  have  caused  the  marked  change  in  the  ventricular 
complex  Mhich  was  present  in  this  patient.  Furthermore,  an  arborization 
block,  located  beyond  the  point  where  the  branch  left  the  septum,  woidd 
have  influenced  the  form  of  sej^tal  extrasj-stoles  in  much  the  same  way  as  it 
influenced  the  form  of  the  complexes  of  the  regiUar  rhj-thm.  We  are  led 
to  conclude,  therefore,  in  accord  with  the  reasoning  of  Wilson  and  Herrmann, 
that  the  relatively  normal  form  of  these  extrasystoles  indicated  a  block  in 
the  right  branch  of  the  His-bundle  rather  than  in  its  finer  arborizations. 

Electrocardiograms  (Fig.  2)  taken  from  this  patient  in  June  and  July, 
1921,  showed  a  disappearance  of  the  more  striking  signs  of  buncUe  branch 
block.  The  duration  of  Q.R.S.  was  008  second  or  less,  and  only  the  slightly 
negative  T  in  lead  /  indicated  that  we  had  to  do  with  any  change  other  than 
a  left  ventricular  ))reponderance.  It  is  difiicidt  to  assign  an  exact  cause  for 
the  bundle  branch  block  in  this  case.  Previous  to  the  operation  the  patient's 
general  condition  was  poor.  The  urine  contained  large  numbers  of  pus  cells, 
but  there  was  no  fever  and  no  leucocj-tosis.  The  phthalein  output  was 
somewhat  reduced  (25  per  cent.)  and  the  blood  urea  was  somewhat  increased 
(Go  mg.  urea  jjer  100  e.c.  of  blood).  Up  to  the  time  the  first  record  was 
taken  no  medication  had  been  given  save  moderate  doses  of  hexamethyle- 
namin  and  acid  sodium  phosphate.  Presumably  the  general  depression 
or  intoxication  incident  to  urinary  retention  had  caused  a  bundle  branch 
block  in  an  akead}-  damaged  heart. 
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Conclusions. 

1.  A  case  is  reported  in  which  the  electrocardiogram  showed  the 
changes  usuall}-  attributed  to  a  block  in  the  right  branch  of  the  His-bundlc. 
Frequent  extrasystoles  were  recorded  whose  form  was  more  nearly  normal 
than  the  form  of  the  regular  beats  of  supraventricular  origin. 

2.  These  extras3'stoles  probably  originated  in  tlie  interventricular 
septum. 

3.  Their  presence  supports  the  interpretation  of  a  bundle  brancli 
block  rather  than  an  arborization  block. 


REFEKEXCKS. 

Lewis,  T.     "  Tlie  Mecbauism  and  Grai>hic  Registration  of  the  Heart  Beat."     London,  1920. 

Oppexheimer,  B.  S.,  and  Rothschild,  M.  A.  "  Electrocaixliographic  Clianges  Associated 
with  Myocardial  Involvement."     Joura.  Amer.  Med.  Assoc,  1917,  Lsix,  429. 

Wilson,  F.  X.,  and  Herkmaxn,  G.  R.  "  Buudle  Branch  Block  and  Arborization  Block." 
Arcliivesof  Internal  Med.,  1920,  xx^l,  153. 

Wilson,  F.  X.,  and  HEKRiiiXN,  G.  R.  "  .\n  Exj>erlmental  .Study  of  Incomijlete  Bundle 
Branch  Block  and  of  the  Refractory  Period  of  the  Heart  of  the  Dog."  Heart,  1921, 
vm,  229. 


P.rXDLK     11  R  A  .\  (■  H     BLOCK 


Fig.  -2.  Taken  about  one  month  after  operation.  The  signs  of  bundle  iMiincl 
largely  disapi.eai-od.  In  both  figures  the  leads  were  /,  7 7 and  7  77  from  al)o\ 
and  the  limp  marker  is  in  twenty-fifths  of  a  second. 


OBSERVATIONS     ON     THE     CIRCULATION     AND     RESPIRATION 
IN   A   CASE   OF   PAROXYSMAL   TACHYCARDIA. 

By  J.  BARCROFT,  A.  V.  BOCK  and  F.  J.  PvOUGHTON. 

(Fro))!  the  Pliijf>iological  Lahornfori/.  Cambridge.) 


The  research  described  below  consists  of  an  inquiry  in  the  circulatory 
condition  existing  in  a  state  of  paroxysmal  tachycardia.  It  has  been  found 
possible  to  measure  the  quantity  of  blood  passing  through  the  chest  per 
minute  ;  combining  the  minute  volume  with  the  pulse  the  sj'stolic  output  is 
obtained.  These  quantities  were  the  principal  object  of  our  research. 
Incidentally,  however,  determinations  of  the  oxygen  concentrations  of  the 
arterial  blood  and  venous  blood  have  been  made  and  some  Kght  is  shed  on 
the  effect  of  rapid  and  shallow  respiration  on  tlic  oxygen  content  of  the 
arterial  blood. 

Clinical  histori/.  F.  J.  R.,  a  LTniversity  student  of  22  years,  has  been 
under  observation  from  October  26th,  1920,  to  May  8th,  192L  The  family 
and  past  history  are  unimportant.  He  has  not  had  rheumatic  fever, 
diphtheria,  scarlet  fever,  or  tonsihtis.     His  general  condition  is  very  good. 

The  history  of  the  present  illness  is  one  of  attacks  of  shortness  of  breath 
and  palpitation  since  the  age  of  11.  The  original  attack  came  on  suddenly 
after  a  game  of  tennis,  lasted  about  one  hour,  and  although  alarming  in 
nature,  had  no  serious  effect.  The  next  attack  followed  six  months  later, 
also  lasting  one  hour  ;  three  other  attacks  then  occurred  witliin  a  fortnight, 
none  persisting  more  than  two  hours.  A  year  passed  with  no  recurrence 
of  the  condition,  but  from  that  time  until  April  6th,  1921,  there  has  been 
a  succession  of  attacks  four  to  eight  weeks  apart,  usually  lasting  10-12  hours, 
but  at  least  one  is  recorded  of  15  hours'  duration.  These  attacks  occurred 
more  frequently  in  winter  than  in  summer.  From  April  6th,  1921,  to  May 
8th,  1921,  six  attacks  have  occurred,  none  of  less  than  eight  hours  and  the 
longest  lasting  twelve  hours. 
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The  attacks  have  an  abrupt  onset  and  sudden  termination.  Thej-  are 
eharacteriscd  chiefly  by  sliortness  of  breatli,  abnormal  heart  action,  cyanosis, 
gastric  disturbance,  sweating,  and  weakness. 

The  shortness  of  breath  is  described  as  a  sensation  of  "  fighting  for 
breath."  The  patient  is  unable  to  take  a  deep  breath  without  great  eflort 
which  is  most  unijleasant  if  attempted.  The  inability  to  get  air  is  associated 
with  the  abnormal  heart  actioia  rather  than  with  a  sense  of  restriction  of 
chest  or  abdominal  movements.  He  has  observed  that  the  rate  of  breathing 
is  greatly  increased. 

The  rapid  "  thumping  '"  action  of  the  heart  persists  throughout  the 
attack,  beginning  and  ending  instantaneously.  The  sensation  produced 
is  one  of  irregularity  and  uncertaint}^  which  doubtless  accounts  for  a 
somewhat  anxious  facies  during  the  cour.se  of  the  syndrome.  The  patient 
describes  the  "  amplitude  of  the  beats  "  as  being  less  in  later  attacks  than 
formerly. 

Cyanosis  was  pronounced  in  the  early  short  attacks,  but  apjjears  not  to 
be  a  feature  of  the  condition  at  present.  When  observed  in  recent  attacks 
the  mucus  membranes  of  the  Hps  were  redder  than  usual  and  the  face 
appeared  generally  red  and  suffused.  The  hands  which  normally  are  blue 
and  cold,  show  an  accentuation  of  this  state  during  an  attack.  No  note  has 
been  made  as  to  cyanosis  towards  the  end  of  a  long  attack. 

Gastric  distress  has  been  a  prominent  feature  of  all  the  later  attacks. 
Nausea  begins  4-5  hours  after  the  onset,  and  is  then  associated  ^vith  retching. 
Vomiting  usually  stops  the  attack,  particularly  if  the  regurgitation  is  not 
forced. 

In  the  first  attacks  excessive  sweating  occurred,  diminishing  in  the  later 
ones  to  about  the  normal.  The  later  attacks  as  a  whole  begin  more  gently, 
and  there  is  no  great  change  in  the  patient's  condition  for  several  hours, 
after  wliich  he  feels  sick  and  faint  and  moves  about  only  with  great  effort. 
There  is  no  cough.  Upon  cessation  of  the  attacks,  the  patient  feels  in  normal 
condition  witliin  an  hour. 


Physical  examination.  The  patient  is  a  well  developed  athletic  young 
man.  There  is  nothing  remarkable  in  the  phjsical  examination.  He  has 
good  colour,  except  for  blueness  of  the  hands,  which  are  cold  and  moist. 
The  finger  nails  are  not  blue.  The  heart  apex  is  in  the  5th  space  in  the 
nipple  Une  11-5  cm.  from  the  mid-sternal  line.  The  sounds  are  regular,  of 
good  quality.  There  is  a  soft  short  systolic  murmur  localized  at  the  sternal 
border  in  the  second  left  intercostal  space.  The  systolic  blood  pressure  is 
120  mm.  and  the^  diastoUc  G8-70  mm.  of  Hg..  The  abdominal  viscera  are 
not  palpable  and  there  is  no  oedema. 
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During  an  attack  the  face  appears  anxious  and  the  colour  is  as  noted 
above.  The  respiratory  rate  varies  in  different  attacks  fi'om  28  to  34. 
Resonance  of  the  chest  is  normal  and  there  are  no  rales  in  the  lungs.  The 
The  vital  capacitj-  is  1,600  c.c,  as  compared  Mith  liis  normal  of  4,000  c.c. 
The  heart  action  is  turbulent  and  can  be  counted  without  instrumental 
means  only  with  great  difficult}'.  A  polygraph  tracing  taken  during  an 
attack  on  October  26th,  1920,  shows  a  rate  of  204  per  minute.  The  apex 
of  the  heart  does  not  move  outward  a  measureable  distance  from  its  normal 
position.  The  systolic  blood  pressure  falls  from  120  to  100  mm.,  and  the 
diastolic  pressui-e  rises  from  68-70  to  SO  mm.  of  Hg..  The  liver  is  not  palpable 
and  there  is  no  oedema  of  the  legs. 

Vagal  pressure  has  failed  to  stop  the  attacks. 

A  sample  of  venous  blood  taken  from  an  arm  vein  without  stasis, 
8  hours  after  the  onset  of  an  attack,  had  an  oxjgen  content  of  5-67  vol.  per 
cent.,  and  an  oxygen  capacity  of  18-9  vol.  per  cent.,  a  saturation  of  30  jier 
cent.. 

The  method  of  determining  the  minute  volume  was  that  described  by 
Ba'rcroft  and  Roughton*  at  the  meeting  of  the  Physiological  .Society  in  July, 
1920.  Briefly  it  consists  in  taking  one  deep  respiration  followed  by  three 
or  four  normal  respirations  from  a  bag  which  contains  nitrogen,  and  then 
exhaUng  a  sample  of  alveolar  air.  the  partial  pressure  of  which  is  estimated 
in  a  Haldane  gas  analysis  apparatus.  The  partial  pressure  so  observed, 
if  laid  off  on  the  oxjgen  dissociation  curve,  gives  the  oxygen  content  of  1  c.c. 
of  mixed  venous  blood. 

That  of  the  arterial  blood  may  be  foimd  by  the  analysis  of  a  sample 
of  blood  obtained  by  direct  arterial  puncture  in  the  case  of  patients  ;  in  normal 
cases  it  may  be  assumed  to  be  95  per  cent,  of  the  total  oxygen  capacit^^ 
If  the  oxygen  content  of  the  arterial  blood  be  called  A,  that  of  the  venous 
blood,  V,  and  the  total  oxygen  used  by  the  subject  per  minute,  0,  the 
"  minute   volume  "   of   blood    =     j-=.  ■  O  is   determined   by    collecting   a 

five-minute  sample  of  expired  air  in  a  Douglas  bag  and  measuring  its  volume 
and  ox3-gen  content. 

Of  the  other  measurements  made  in  the  course  of  their  research  the 
percentage  saturations  of  the  blood  arterial  and  venous  (from  the  arm) 
were  estimated  with  the  differential  blood  gas  apparatus.  The  blood 
pressure  was  taken  with  a  Tycos  instrument. 

Unfortunately  it  was  not  possible  to  make  a  complete  series  of 
determinations  in  any  one  attack.  Different  points  were  studied  in  different 
attacks.  The  minute  volume  was  measured  in  two  attacks  and  twice 
when  there  was  no  attack  in  progress.  The  first  of  these  was  just  after 
attack  had  passed  off,  the  second  was  imder  apparently  quite  normal 
circumstances. 
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The  following  are  the  data  concerned  with  tiie  niimite  vohim 


DirniKd 

Attack. 

Control. 

One  hour 
after  attack. 

Normal. 

Dato 

4/4/21 

8/4/21 

4/4/21 

13/4/21 

Pulse  rate        

175 

198 

82 

64 

Oxj-gen  absorljcd  i>er  minute 

290  c.c. 

232  c.c. 

456  c.c. 

350  o.c. 

Oxygen  content  of  arterial  blood  . . 

(95)* 

96-8 

(95)* 

(95)* 

Oxygen   pressure    in    mixed    venous 
blood        

27  mm. 

28-7 

3C-8 

(35- nt 

Percentage  saturation 

38 

42 

57 

54-3 

Minute  volume 

2-8  litres 

2-5  litK-s 

61  litres 

50  litres 

Output  of  heart  per  beat 

,0........ 

1l';k-.c. 

T.J  e.c. 

*  .Assumed. 

t  Mean  of  8  determinations  vary  between  360  and  32 


loth  of  November,  1920 


The  above  table  shows  : — 

(1)  That  the  oxjgen  pressure  in  the  mixed  venous  blood  is  much  lower 
than  is  either  normally  the  case  or  than  it  was  after  the  attack  had  passed 
off  on  the  4th  of  April,  1921. 

(2)  The  approximate  oxj-gen  contents  of  the  mixed  venous  blood, 
obtained  by  tlie  application  of  the  above  pressure  to  an  average  dissociation 
curve,  gave  the  following  results  : — 


— 

DURLXG 

AXTAtK. 

CONTKOL. 

Date 

4 '4/21 

8  4  21 

4  4  21 

13  4  21 

Pressure  of  oxygen  m  mixed  venous 

blood        

27  mm. 

28-7  mm. 

36-8  mm. 

35- 1  mm. 

Percentage  saturation  of  blood  with 

oxvgen      

38 

42 

57 

543 

Actual  oxsgen  content   ot   1   c.c.   of 

venous  blood 

""'■'■"' 

"■""'■"' 

""•'"■' 

"  "!'- 

One  other  observation  is  perhaj^s  worth  recorchng.  We  correlated  the 
depth  of  respiration  with  the  percentage  saturation  of  the  arterial  blood 
with  the  following  result  : — 


During  attack 
Normal 


,.  ,  ;.  Percentage 

\  olume  of  ^^^^^■,Z, 

^^■''^\  of  arterial 
respiration.  ^,,^^^,_ 


•12   litr 

|..>r  mill 
9(1(1 
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The  determinations  previously  described  fail  to  show  any  lowering  of 
the  percentage  saturation  from  the  normal  as  the  result  of  the  degree  of 
shallow  resiiiration  wliich  was  observed  in  the  attack. 

During  the  attack  on  the  8th  of  April,  1921,  we  made  an  attempt  to 
follow  up  the  high  degree  of  unsaturation  of  the  mixed  venous  blood.  Was  it 
due  to  want  of  oxygen  in  the  arterial  blood  or  solely  to  slow  circulation  ? 
Samples  of  the  blood  from  the  radial  artery  and  from  the  basilic  vein  were 
therefore  withdrawn  by  direct  puncture  (for  which  we  have  to  thank  Dr. 
Frazer,  Head  of  the  Medical  Unit  at  St.  Bartholomew's  Hospital).  The 
arterial  blood  was  saturated  up  to  the  level  of  normal  arterial  blood,  and 
indeed  rather  above  it  (96-8  p.c).  The  blood  from  the  basilar  vein  was  but 
11  p.c.  saturated.  The  blood  from  the  ba.^ilar  vein  is  therefore  much  less 
saturated  with  oxj-gen  than  even  the  mixed  venous  blood  at  the  same  time. 
It  is  clear,  therefore,  not  only  that  the  minute  volume  is  reduced  to  less  than 
half  the  normal  during  the  attack,  but  that  the  brunt  of  this  reduction  is 
taken  up  by  the  skin.  Quite  extreme  measures  are  necessary  in  normal 
persons  to  obtain  venous  blood  of  this  degree  of  unsaturation.  One  of  us 
obtained  it  on  the  top  of  ^lonte  Rosa^  ;  it  has  been  recorded  also  by  ^leakins 
and  Davies^  and  also  by  Barcroft  and  Xagahashi-.  In  ileakins  and  Davies' 
case  by  exposure  to  cold  water,  and  Barcroft  and  Xagahashi  by  exposure 
of  the  arm  for  15  minutes  in  the  cold  storage  room. 

An  interesting  point  in  the  two  attacks  recorded  above  was  the  fall  in 
the  total  oxygen  consumption.  During  the  second  attack  it  was  as  low  as 
232  c.c.  per  minute.  It  is  fair,  however,  to  say  that  in  previous  attack, 
during  the  course  of  which  we  made  some  preUminary  determinations,  the 
oxygen  consumption  was  normal.  The  lowering,  therefore,  may  not  take 
place  throughout  the  whole  attack. 

Dividing  anoxaemias  into  three  types  (3)  (the  anoxic  in  which  there 
is  an  abnormal  degree  of  unsaturation  in  the  arterial  blood,  the  anaemic 
in  which  there  is  too  little  hoemoglobin  per  c.c.  of  blood,  and  the  stagnant 
or  ischtemic,  in  which  there  is  too  slow  a  circulation)  paroxysmal  tachycardia 
jjresents  a  clear  ca-se  of  the  third  type.  It  is  interesting  to  find  that  this 
tj'i^e  maj-  be  pushed  so  far  in  the  human  body  as  to  actually  cause  reduction 
in  the  quantity  of  oxygen  used,  i.e.,  a  cripphng  of  the  metaboHsm.  The 
same  result  was  found  experimentally  in  cats  by  Doi^  who  produced  the 
ischaemic  type  of  anoxaemia  by  bleeding. 

The  dissociation  curve  for  Roughton's  blood  is,  of  course,  necessary 
for  the  calcidatiou  of  the  minute  volume.  It  is  worth  recording,  thougli 
the  significance  of  the  observation  is  not  at  present  clear,  that  the  value 
of  K  Mas  lower  than  that  recorded  for  any  normal  person.  The  value  was 
determined  on  two  occasions  giving  000014  and  00001 6  respectivelj-,  the 
lowest  normal  hmit  being  regarded  as  00002"'. 

It  is  not  possible  to  carry  the  research  further,  for  the  interesting  reason 
that  it  seemed  to  be  deleterious  to  the  patient.  The  strain  on  the  system 
of  making  the  determination  of  the  minute  volume  in  one  case  brought  on 
an  attack. 
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CONTLT'SIOX. 

1.  Ill  two  attacks  of  paroxj'smal  tachycardia  in  which  the  pulse  was 
upwards  of  200  the  minute— volume  sank  from  5  61  litres  to  28  21  litres 
per  minute,  or  roughly  to  a  half  to  a  third  of  the  normal  value. 

•2.  The  degree  of  ischaemia  was  particularly  marked  in  the  skin,  as 
shown  ])y  analysis  of  the  blood  from  the  basilar  vein. 

3.  There  was  no  reduction  in  the  saturation  of  the  arterial  blood,  but 
if  anytliing  a  rise. 

4.  The  depth  of  respiration  was  reduced  to  nearly  half  the  normal 
wliilst  the  rate  was  about  doubled. 

5.  The  systohc  output  77-5  to  12-9  c.c.  :  ^  /  ^    - 

6.  The  total  oxygen  consumption  of  tlie  bodj^  was  also  considerably 
lowered  during  two  of  the  attacks. 

We  should  like  to  express  our  thanks  to  Dr.  Fraser  for  his  assistance 
in  performing  the  punctures,  to  Dr.  Adrian  and  Dr.  Forbes  for  the  electro- 
cardiographic records,  to  the  Medical  Research  Council  and  the  Proctor 
Fund  of  Harvard  University,  out  of  whose  grants  much  of  the  ajDparatus 
used  was  purchased. 
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(viifliograin  by  lead   / /,  showing  the  mechanism  during  the  attack  of  tho   IStl 
The    curve    consi^^ts    of    voiitrieuhir  complexes  similar  to  those  seen  wh.on  th< 


THE   «PREAD   OF   THE    EXCITATION    WAVE   RELATED   TO   THE 
STANDARD  ELECTROOARDIOORA.M  IX  THE  DOG'S*  HEART.* 

By  A.  M.  WEDD  and  W.  D.  STROUD. 
(  University  College  Hospital  Medical  School.) 


In  a  series  of  researches  which  appeared  in  1014  and  succeeding  years,  Lewis 
and  his  co-workers*  -  '  have  recorded  extensive  observations  on  the  spread 
of  the  excitatory  process  in  the  heart  of  the  dog.  With  methods  based  on 
the  fact  that  relative  negativity  is  indicated  by  a  deflection  in  a  known 
direction  of  the  string  of  the  galvanometer,  using  both  direct  heart  leads 
and  the  standard  lead  //of  the  electrocardiogram,  they  traced  and  charted 
the  passage  of  the  excitation  wave  over  the  surface  of  the  heart,  and  as  far 
as  possible,  the  endocardial  lining,  timing  the  arrival  of  the  wave  at  the 
various  places  observed  with  reference  to  fixed  zero  points.  It  has  seemed 
desirable  to  supplement  that  work  by  illustrating  in  further  detail  the  time 
relations  of  the  readings  taken  for  the  arrival  of  the  excitation  wave  at 
various  points  of  the  muscle  to  the  standard  electrocardiogram  (lead  //)  as 
this  was  recorded  in  the  same  dog's  heart.  This  is  possible  by  re-measuring 
the  original  jjlates. 

In  the  auricle  the  earliest  sign  of  activity  indicated  by  relative  negativity 
occurs  at  the  sinus  node.  According  to  the  researches  referred  to,  the  spread 
from  the  node  is  radial  and  at  an  apjiroximately  uniform  rate  of  conduction 
throughout  the  auricle.  The  wave  travels  from  the  node  by  the  taenia 
terminalis  to  the  inferior  cava  and  by  the  inter-auricular  band  to  the  base 
and  finally  to  the  tip  of  the  left  appendix,  which  is  usually  the  latest  point 
to  be  activated.  The  actiWty  of  the  sinus  node  is  invariably  registered  before 
the  beginning  of  P.  That  of  the  mid-caval  region  and  the  inter-auricular 
band  occurs  a  few  thousandths  of  a  second  after  the  beginning  of  P.  The 
times  of  activation  of  the  superior  and  inferior  venae  cavae,  the  septum, 
right  appendix  and  body  of  the  right  auricle  are  seen  to  occupy  points  on 
the  upstroke  of  P,  varying  sHghtly  in  different  experiments.  The  activation 
of  the  left  pulmonarj'  veins  and  of  the  coronary  sinus  occurs  well  toward  or 
at  the  summit,  while  the  time  for  the  left  appendix  is  at  the  summit  or  on 
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the  plateau  of  P.  Tlie  actual  position  with  reference  to  P  of  the  several 
points  of  tlie  auricle  investigated  is  seen  in  Figs.  1  to  4,  which  have  been 
selected  as  typical  of  the  six  auricles  examined.  In  the  construction  of  these 
diagrams  the  electrocardiograms  of  lead  //  have  been  taken  from  plates 
that  had  been  measured  in  the  original  experiments,  and  these  have  been 
charted  to  scale  by  measuring  by  means  of  the  comparator  the  points  of 
intersection  of  the  waves  and  the  milhmetre  horizontal  rulings  on  the  plates. 
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Fig.  I. 

Fig.  2. 

DogFQ* 
auricle  :— 

Auricle.     Abseissa>,  0-01  sec. 

Ordiiiatcs,  0-1 

Mullivolt.     Key  toabi-eviat 

S.  A.N.         Sino -auricular node. 
S.  V.  C.          Superior  vena  cava 
L.APP.       Left  appendix. 
L.PUL.        Left  pulmonary  veins. 
COR. SIN.  Coronary  sinus. 

I.V.C. 
R.AUR. 
R.APP. 
R.PVL. 

Inferior  vena  cava. 
Body  of  riglit  auricle. 
Right  appendix. 
Right  pulmonary  veins. 

DogFV.      Auricle.     Abscis.sa?,  001  sec.     Orilinates,  01  millivolt. 
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Fig.   3.      Dog  FO.     Auricle. 
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Fig.  «. 


£»of/    (V  T.     Right  surface  of  ventricle   (Fig.   6  of  reference   2).     Abscissa-,  0  01 
iiiatcs,  0-2  millivolts.     Key  to  abbreviations  for  ventricle  : — 

P.M.R.  V.    Papillan,'  niviscle  of  right  ventricle. 

T.  A.R.  V.   Trabecuiated  area,  right  ventricle. 

A.P.R.  V.    Apex  of  right  ventricle. 

L.  YOR.       Vortex  of  left  ventricle. 

IN.ZO.        Intermetliate  zone  (RS,  right  surface  ;   LS,  left  surface). 

-•1.  A  T.  Anterior  attachments,  left  ventricle. 

P.  A  T.  Posterior  attachments,  left  ventricle. 

B.R.  y.         Base  of  right  ventricle. 

B.L.V.         Base  of  left  ventricle. 

r.      Left   surface   of  ventricle    (Fig.   9   of  reference   2).      Absciss.a\   OOI 
OrJmatcs,  0-2  millivolt. 
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Doy   G  L.     Ventral  surface  of  ventricle  (Fig.  21  of  reference  2). 
Ordinates  0-2  millivolt. 


.Alscissit:,  0-ni  Sec. 
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The  times  of  arrival  of  tlie  excitation  wave  at  the  points  observed,  as  given 
in  the  original  papers,  were  then  marked  against  these  curves  in  chronological 
order.  The.-*e  time  intervals  ])ublished  by  Lewis  refer  to  a  zero  point  wliich 
for  the  auricle  is  the  initial  activity-  of  the  sino-auricular  node,  and  for  the 
ventricle  the  beginning  of  the  upstroke  of  R  in  the  standard  lead  /  /.  It  is 
emphasised  that  in  these  diagrams  the  j)oints  taken  for  the  uiJstroke  of  R 
and  the  beginning  of  P  were  made  to  correspond  exactlj-  with  these  ])reviousl\ 
used  by  Lewis,  thus  maintaining  in  the  present  work  the  identical  zero  points 
of  the  former  measurements.  The  variations  from  the  normal  electrocardio- 
gram of  the  dog  seen  in  some  of  the  curves  find  an  explanation  in  the  fact 
that  these  are  experimental  electrocardiograms,  taken  after  the  thorax  had 
been  opened  and  the  heart  slung  in  the  pericardium,  thus  unavoidably 
altering  somewhat  the  normal  relation  of  the  heart  to  the  plane  of  the 
standard  lead. 

The  time  at  which  the  excitation  wave  arrives  in  the  ventricle  is 
ascei-tained  by  .studying  the  ventricular  surfaces  seiiarately.  Activity  is 
fii-st  in  evidence  in  the  central  area  of  the  right  ventricle  and  appears  a  little 
later  in  the  adjoining  trabeculated  area.  The  vortex  of  the  left  ventricle 
and  the  apex  of  the  right  are  activated  early.  Excitation  is  next  found 
simultaneously  in  the  intermediate  zones  of  both  ventricles.  The  base  of 
the  right  ventricle  usually  becomes  active  before  that  of  the  left,  and  the 
latest  points  to  be  reached  are  the  conus  of  the  right  ventricle  and  the  base 
of  the  left.  The  overlapping  of  readings  and  the  variations  in  different 
animals  ai"e  due  to  individual  anatomical  peculiarities,  for  it  has  been  shown 
that  for  surface  areas  the  spread  of  the  excitation  wave  in  the  ventricle  is 
governed  bj-  the  distribution  of  the  Purkiuje  system  and  the  thickness  of  the 
overhing  muscle.  The  surface  reading  for  the  central  area  coincides  with 
the  beginning  of  the  upstroke  of  R.  and  that  for  the  vortex  of  the  left  ventricle 
is  0001  sec.  later.  The  periods  of  activation  of  the  trabeculated  area,  the 
right  apex  and  the  intermediate  zones  of  both  ventricles  occupy  positions 
on  the  upstroke  of  R  in  the  order  given.  The  reading  for  the  Ijase  of  the 
right  ventricle  bridges  the  summit.  That  of  the  conus  is  located  on  the 
summit  or  on  the  upper  third  of  the  down  stroke.  The  period  of  excitation 
of  the  left  ventricle  is  usually  entirely  ou  the  downstroke  of  R  and  extends 
about  one-tliird  of  the  way  to  the  base  line.  The  relation  of  the  surface 
activation  of  the  ventricle  and  the  electrocardiogram  has  been  examined  in 
seven  dogs  :  Figs.  5,  6  and  7  are  representative  of  the  series.  However,  the 
earliest  evidence  of  activity  in  the  ventricle  is  not  found  in  the  surface 
readings  but  in  those  taken  from  the  endocardium.  The  internal  reading 
from  the  papillary  muscle  of  the  right  ventricle  occurs  at  the  beginning  of  Q 
and  the  readings  of  the  left  septum  and  right  and  left  apices  occur  before 
the  beginning  of  R,  wliile  that  for  the  base  of  the  right  ventricle  is  0001  sec. 
after  it.  The  activation  of  the  conus  is  later  and  covers  a  rather  wide  range, 
including  about  three-fourths  of  the  uj)stroke  of  R,  as  shown  in  Fig.  8. 


EXCITA  T  ION     W  A  V  E 


- 

BR 

y  i: 

CONUS 

v~ 

\ 

) 

i/ 

\ 

V 

V 

• 

; 

Vblv 

m/o 

[us) 

t. 

1 - 

^5 

/ 

i 

nZo 

IR5) 

— 

'/ 

cS  c 

1 

1 

V 

i/ 

^r' 

^ 

k 

... 

I 

\ 

\ 

<p^ 

\ 

U^  1 

1 

V 

CflRV 

h- 

f 

BRV 

/ 

- 

- 

I/' 

ith  average  figures  for 
AbscissiE,  0-01  sec 


To  summarise  the  foregoing  details  a  composite  electrocardiogram  lias 
been  constructed,  Fig.  8,  and  on  it  is  indicated  llie  general  relation  of  the 
course  of  the  excitation  wave  to  the  standard  lead  deflections.  The  data 
used  arc  average  figures  from  the  experiments  detailed  in  the  original  papers. 
The  surface  readings  are  written  above  and  those  from  the  internal  contacts 
below  the  line.  The  average  jjosition  of  the  sino-auricular  activity  for 
twenty  experiments  places  it  0-01  sec.  before  the  beginning  of  P.  An  area 
of  muscle  of  2  to  3  cm.  diameter  in  the  region  of  the  .sinus  node  is  activated 
before  P  begins  but  without  being  registered  in  the  electrocardiogram, 
presumably  because  the  .sensitivity  of  the  string  ordinarily  used  for  standard 
leads  (3  cm.  =  3  millivolts)  is  insufficient.  Tlie  wave  itself  begins  0-003  sec. 
before  the  arrival  of  the  excitation  wave  at  the  mid-caval  region  or  the 
inter-auricular  band.  The  activation  of  the  left  appendix  occurs  at  the 
summit  of  P,  and  the  intermediate  points  represent  average  positions 
(Table  VII  of  the  original  paper^).  The  period  of  about  005  sec.  from  the 
time  of  arrival  of  the  wave  at  tiie  coronary  sinus  until  it  first  ai)pears  in  the 
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ventricle  indicates  approximately  the  delay  in  the  auriculo-ventricular  node. 
The  relations  of  the  points  of  ventricular  excitation  have  been  sufficiently 
described.  It  remains  to  recall  that  in  each  instance  the  reading  is  that  of 
the  arrival  of  the  excitation  at  that  particular  point.  The  full  development 
of  the  charge  continues  for  about  0  01  sec,  and  to  express  the  entire  period 
of  activation  some  such  value  must  be  added  to  the  last  reading.  When  this 
is  done  the  remainder  of  R  and  S  are  accounted  for  and  the  agreement  of  the 
direct  readings  and  the  length  of  the  QRS  group  of  the  axial  electrocardiogram 
is  such  that  the  latter  may  be  taken  to  indicate  the  duration  of  the  spread 
of  the  excitatory  process  in  the  ventricle. 

SuJHinary. 

From  the  original  experimental  curves  of  Le\ns  and  his  co-workers  on 
the  spread  of  the  excitatory  process  in  the  dog's  heart  certain  standard 
lead  /  /  electrocardiograms  have  been  taken  and  charted  to  scale,  maintaining 
the  original  zero  point,  and  against  these  curves  the  times  at  which  the 
excitation  wave  arrives  at  the  various  })laces  observed  in  the  same  dog's 
heart  have  been  marked  in  chronological  order.  In  the  auricle  the  earhest 
point  at  which  activity  is  observed  is  that  of  the  sino-auricular  node.  The  P 
wave  begins  00 1  sec.  later,  at  a  time  corresponding  to  the  activity  of  the 
mid-caval  region  or  the  interauricular  band.  The  reading  for  the  left 
appendix,  the  latest  point  to  become  active,  falls  on  the  summit  or  the  plateau 
of  P,  while  intermediate  points  occupy  slightly  varying  positions  on  the 
upstroke.  The  earliest  activity  in  the  ventricle,  recorded  internally  at  the 
papillary  muscle  of  the  right  ventricle,  coincides  with  the  beginning  of  Q. 
For  most  of  the  surface  points  observed  the  time  of  arrival  of  the  wave  falls 
ou  the  upstroke  and  near  the  i)eak  of  B,  though  occasionally  late  points  of 
activation  include  the  upper  tliird  of  the  downstroke.  When  a  correction  is 
made  for  its  full  development  the  period  of  spread  of  the  excitatory  process 
in  the  ventricle  is  found  to  be  the  duration  of  the  QRS  group. 
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SOME  OBSERVATIONS  UPON  ATROPINE  AND  STROPHANTHIN.* 

By  T.  LEWIS,  A.  N.  DRURY  and  C.  C.  ILIESCU. 
(  University  College  Hospital  Medical  School.) 

Prelimixarv  observations. 

A-V  block  in  respon'se  to  raised  attricular  rate. 

Ik  the  mammalian  auricle  is  stimulated  by  means  of  rhythmic  break  shocks, 
and  the  rate  of  these  shocks  is  gradually  raised,  eventually  the  auricle  vriU. 
fail  to  respond.  It  breaks  into  a  condition  of  2  :  1  or  half-response.  This 
half-response  is  due,  as  has  been  shown,  to  alternate  stimuli  falling  during  the 
refractory  periods  of  previous  responses.  Foreshadowing  this  half-response 
as  the  rate  is  raised,  is  a  state  of  depressed  conduction  in  the  auricular 
muscle  which,  as  has  been  stated.^i  is  also  brought  about  by  the  relation  of 
the  stimuli  to  the  end  of  the  preceding  refractory  periods.  The  stimuli 
faU  in  the  period  which  we  term  that  of  partial  refractoriness.  To  produce 
steady  2  :  1  response  in  the  unatropinised  dog's  auricle  it  is  usually  necessary 
to  raise  the  rate  of  stimulation  to  450  or  500  per  minute.f  The  event  which 
foreshadows  2  :  1  response,  namely,  lengthened  transmission  intervals  from 
point  to  point  of  the  aiuicular  surface,  occurs  at  lower  rates  ;  lengthening 
begins  in  the  unatropinised  auricle  usually  at  a  rate  of  about  350  per  minute. 

Phenomena  which  are  parallel  to  these  occur  at  the  A-V  junction. 
As  the  rate  is  raised  there  comes  a  time  when  the  interval  between  the 
contractions  of  auricle  and  ventricle  are  lengthened  ;  and,  if  the  rate  of 
stimulation  is  further  raised,  block  occurs.  As  in  the  case  of  the  auricular 
muscle,  this  block  consists  first  of  all  of  occasional  dropped  beats,  progressing 
to  a  condition  of  temporary  or  persistent  2  :  1  response. 

In  the  auricular  muscle  and  in  the  junctional  tissues  there  are  therefore 
two  comparable  series  of  events,  and  each  depends  on  the  same  cause, 
namely,  a  raised  rate  of  response.    Both  being  dependent  on  raised  rate  it 

*  Carried  out  on  behalf  of  the  Medical  Research  Council.  In  all  the  experiments  described 
in  this  paper  the  dogs  were  anaesthetised  fully  and  throughout  with  morphia  003  gram., 
paraldehyde  10  c.c,  and  a  suiKciency  of  ether. 

t  To  produce  it  in  the  atropinised  auricle,  in  which  the  refractory  period  is  longer,  requires 
somewhat  lesser  rates. 
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is  difficult  to  avoid  concluding  that  they  arc  iiroduccd  l>y  similar  mechanisms 
in  the  two  tsituations.  In  the  auricle  they  are  now  known  to  result  from  the 
relation  of  the  stimuli  to  the  preceding  refractory  periods  ;  a  similar  conclusion 
seems  inevitable  in  the  case  of  the  junctional  tissues.  That  2  :  1  response 
may  result  from  alternate  impulses  falling  during  the  periods  of  absolute 
refractoriness  has  been  recognised^^*  ;  ])^^l  jt  has  been  shown  only  recently 
that  widened  transmission  intervals  may  be  produced  by  similar  causes ; 
tlxis  demonstration  in  the  case  of  auricular  muscle  inevitablj-  opens  up  the 
same  question  as  regards  the  junctional  tissues.  Since  widened  intervals 
result  from  increased  rate  and  lead  up  directly  to  dropped  beats,  and  since 
the  rates  and  associated  disturbances  of  conduction  form  comparable  series 
to  those  witnessed  in  the  auricles  of  the  same  animals,  then  it  seems  justifiable 
to  conclude  that  these  widened  intervals  and  dropped  beats  are  not  due  to 
disturbance  of  a  hj'pothetical  and  independent  function  "  conductivity," 
but  to  the  relation  of  the  impulses  to  the  preceding  refractory  period,  as  is 
proved  to  be  the  case  in  the  auricular  muscle  itseK. 

The  rates  at  which  the  widened  intervals  on  the  one  hand  and  the  dropped 
beats  on  the  other  occur  may  be  taken  as  a  gauge  of  the  length  of  the 
refractor}'  j^eriod  of  the  tissue  in  which  these  phenomena  are  observed. 

The  following  table  (Table  I)  illustrates  the  rates  at  which  conduction 
changes  in  the  auricle  and  junctional  tissues  appear  as  rate  of  response  is 
raised.  The  readings  for  the  auricle  are  taken  from  a  previously  published 
paper^^  (Tables  on  page  249)  ;  the  events  at  the  A-V  ring  have  been  added 
after  a  further  examination  of  the  same  plates.  The  A-V  intervals 
expressed  in  the  third  column  of  the  table  have  been  measured  from  curves 
taken  by  contacts  Ijing  on  the  auricle  ;  these  curves  jield  sharp  indications 
of  the  auricular  beat  (intrinsic  deflections)  and  jield  also  indications  of  the 
ventricular  beat  ;  where  these  last  are  clear  and  sharp  a  reliable  measurement 
is  obtainable.f  It  will  be  seen  from  these  tables  that  the  A-V  intervals 
begin  to  widen  as  rates  of  approximately  200-250  are  reached.  The 
amicular  transmission  interval  usually  begins  to  ^viden  as  rates  of  about  350 
are  reached.  Failure  of  ventricular  responses  occurs  at  rates  of  about 
300  to  350  ;  failure  of  auricular  responses  is  not  shown  in  these  particular 
tables,  the  rates  of  stimulation  being  insufficient  to  induce  it,  but  it  is  known 
to  appear  usually  at  rates  of  450  to  500  per  minute.f  Thus,  the  rates 
necessary  to  produce  comparable  conduction  disturbances  range  some 
100-150  beats  per  minute  higher  in  the  case  of  the  auricle  than  in  the  case 
of  the  junctional  tissues  ;  and  we  take  this  difference  as  an  index  of  the 


*  A  form  of  clmieal  lieart  block,  supposed  to  arise  in  a  soraewliat  similar  manner,  has  been 
discussed  by  Hay  and  Weuokebaeli  ;  it  is  characterised  by  dropped  beats  without  a  preliminary 
or  accompan\-ing  lenclhening  of  the    A-  V  inter\'als. 

t  The  interval  given  is  not  the  P-R  inter\'al  ;  with  this  it  is  not  quite  comparable  ;  the 
readings  are  to  be  read  relative  to  each  other  and  are  not  to  be  taken  as  absolute  values  for 
comparison  with  P-R  intervals. 

J  For  illustrations  see  Table  II. 
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Auricular 

Auriculo -ventricular 

Heart  rates. 

transmission 

conduction. 

intervals. 

( --1-  V  interval,  etc.) 

Dog   J  R. 

233 

00117* 

013 

281 

00107 

0-14 

304 

00104 

017 

310 

00106 

0-16 

368 

00108 

2:  1,  1:  1  block 

375 

0-0117 

2:1,1:    1  block 

420 

00101 

2:1,  occasional  1  :  1 

436 

00126 

2  :  1,  occasional  1  :  1 

482 

00139 

2  :  1  block 

517 

00125 

2  :  1  block 

Dog  J  S. 

188 

00149 

0-14 

235 

00142 

0-14 

273 

00141 

0-15 

336 

00148 

Occasional  dropped  beats 

372 

00158 

2:1,  occasional  1  :  1 

Dog  J   V. 

187 

00140 

017 

241 

00137 

0-17 

245 

00144 

0-21 

287 

00150 

Occasional  dropped  beats 

327 

00154 

2:1,1:1  block 

361 

00168 

2  :  1  block 

Dog  J  W. 

158 

00180 

016 

198 

00173 

016 

225 

0-0180 

0-17 

237 

0-0157 

0-17 

292 

0-0153 

Occasional  dropped  beat 

331 

0-0167 

2:1,1:1  block 

372 

0-0188 

2:1,  occasional  1  :  1 

388 

00185 

2  :  1  block 

418 

00194 

2  :  1  block 

Dog  K  D. 

243 

00125 

0-22 

290 

00146 

2  :  1,  1  :  1  block 

332 

00191 

2  :  1  block 

362 

00184 

2  :  1  block 

393 

00195 

2:1,3:1  block 

420 

00219 

Each  of  these  values  is  an  i 


:  measurements. 


difference  existing  between  the  lengths  of  the  refractory  periods  wliich  are 
involved  ;  it  would  appear  that  the  refractory  period  of  the  junctional 
tissues  is  approximately  30  per  cent,  greater  than  that  in  the  auricle 
itself. 

We  conclude  that  where  A-V  block  occurs  in  response  to  raised  auricular 
rate,  that  this  block  is  due  to  the  relation  of  the  impulses  to  preceding 
refractory  iieriods,*  and  that  it  does  not  result  from  a  deficiency  in  any 
independent  function,  "  conductivity."     When  block  occurs  it  occurs,  for 


*  Erlanger^  believes  that  impulses  which  impinge  on  the  junctional  tissues  at  raised  rates 
are  weaker,  and  consequently  fail  to  excite  the  tissues.  At  present  it  Is  scarcely  possible  to 
decide  if  this  factor  also  plays  a  part. 
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reasons  presently  to  be  stated,  in  the  junctional  tissues.      This   (|uestion 
may  now  be  discussed. 

It  is  to  the  A-V  node  that  we  naturally  turn  first  in  seeking  the  tissue 
in  which  block,  resulting  from  raised  rate,  occurs  ;  for  this  node  is  known  to 
be  a  particularly  susceptible  structure. ^^ 

Definitely  to  exclude  the  ventricular  muscle  as  the  site  of  block  we  cite 
the  following  experiment. 

The  auricle  is  stimulated  rhythmically  at  a  rate  to  wliich  it  will  respond, 
and  at  which  the  ventricle  will  not  follow  suit,  the  latter  yielding  a  mixed 
2  :  1  and  1  :  1  response.  A  record  of  this  action  is  taken  by  means  of  lead  /  / 
(to|)  curve  in  Fig.  1).  iSimultancous  records  are  taken  of  the  actual  shocks 
(/,  ;.',  J,  etc.,  in  the  central  curve)  and  a  direct  curve  from  the  auricular 
muscle,  yielding  an  intrinsic  deflection  (/,  2,  3)  at  each  response  of  the 
auricle  (bottom  curve).  While  the  plate  is  running,  the  shocks  are  now 
transferred  by  means  of  a  commutator  to  stimulating  contacts  on  the 
ventricle.  The  commutator  is  switched  over  at  such  a  rate  that  one  shock 
fails  to  enter  the  heart ;  thus  in  the  present  figure  shocks  i  to  5  entered  the 
auricle,  shock  9  falls  during  the  movement  of  the  commutator,  and  the 
remaining  shocks  10  to  13,  etc.,  fall  upon  the  ventricle.  The  first  shock  to 
reach  the  ventricle  yields  a  resjionse,  as  do  the  succeeding  shocks.  Although 
the  ventricle  responds  rhythmically  and  at  the  full  rate,  the  auricle  now 
fails  to  follow  alternate  impulses  reaching  it  from  the  ventricle,  the  reversed 
block  being  somewhat  higher  in  degree  than  the  original  forward  block. 
Thus  both  auricle  and  ventricle  are  capable  of  responding  at  the  rate  of 
stimulation  chosen,  but  the  tissues  uniting  the  two  chambers  are  incapable 
of  transmitting  impulses  at  this  rate,  either  in  a  forward  or  backward 
direction.  The  incapacity  is  clearly  in  the  junctional  tissues,  and  is  not 
attributable  to  inexcitability  of  the  ventricle  in  this  case  or  of  the  auricle 
in  the  other.  The  experiment  succeeds  providing  that  the  shocks  are  above 
the  threshold  value  for  auricle  and  ventricle,  though  they  may  be  only  just 
above  these  thresholds  or  well  above  them.  It  is  to  be  observed  that  the 
last  R-R  interval  of  the  figure  (R*  to  R^)  is  one  of  the  long  intervals  of  the 
record  ;  that  being  the  case  the  refractory  period  of  the  last  ventricular 
response  to  the  auricle  (R^)  will  be  as  long  as  any  in  the  curve.  The  first 
ventricular  shock  enters  the  ventricle  therefore  at  a  disadvantage  from  our 
point  of  view.  In  many  of  our  records  the  first  direct  response  of  the  ventricle 
(to  shock  10)  falls  after  a  longer  interval.  It  seems  to  be  a  matter  of 
indifference  whether  it  falls  early  or  late  ;  if  shock  10  jdelds  a  response,  the 
successive  responses  are  continued. 

The  experiment  shows  that  when  the  ventricle  fails  to  respond  to  the 
auricle  because  the  latter  is  beating  rapidly,  it  does  so  because  it  does  not 
receive  the  impulse  ;  it  does  not  fail  because  the  impulse  falls  within  the 
refractory  period  of  the  ventricle  itself. 
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Observations  upon  ATRonxE. 

In  a  previous  articleii  it  has  been  shown  (see  Table  XVIII  of  that 
article)  that  the  highest  rate  at  wliich  the  auricle  is  capable  of  responding  to 
rhythmic  stimulation  is  lower  when  the  heart  is  atropinised.  This  effect  is 
due  to  lengthening  of  the  refractory  period  under  atropine,  so  that 
alternate  impulses  fall  more  readily  in  the  unresponsive  phase  of  the  auricular 
cycle.  If  an  auricle  is  stimulated  rhythmically  at  the  highest  speed  to 
which  it  will  jield  regular  responses,  then  an  injectioia  of  atropine,  in  such 
a  dose  that  the  vagus  is  completely  thrown  out  of  action,  is  followed  by 
irregular  beating  of  the  auricle  or  by  2  :  1  response  ;  some  stimuU  now  fall 
upon  the  refractory  phase  of  the  muscle  and  fail  to  jdeld  responses.  Table  II 
sufficiently   illustrates   tliis   phenomenon.     Now    2  :  1    or   half   response   is 


Effect  of  vagal  section  and  of  atropine  on  re-iponse  of  auricle  to  rapid  stimulate 


Dog  N  J 
(kUo  lOo) 


Rythmic  stimulation  of  auricle,  rate  raised  until  auricular  responses  just 

missed  ;  rat©  lowered  a  little  to  obtain  regular  responses  ;  repeated 

and  rate  then  maintained. 

The  auricle  gave  regular  responses  at  this  rate,  namely,  4(i.3  per 

minute  for  many  minutes. 
Both  vagi  cut. 

Auricle  missing  one  response  in  ten. 
'  Auricle  responding  regularly. 
.Auricle  responding  in  short  phases  of  alternate  response  (half  rhythm). 
Atropine  sulphate  00075  g.  injected.     Shortly  afterwards  strong  right 

vagal  stimulation  was  without  influence  on  the  heart. 
Pure  half  rhj-thm  appeared  almost  immediately  and  continued. 
Rate  of  stimulation  lowered  to  ascertain  lowest  rate  compatible  with 

2  :  1  response.     The  2  :  1  response  was  maintained  down  to  the  rate 

386  per  minute. 


Dog  N  V 
(kilo  8-3) 


Rhj-thmic  stimulation  of  auricle,  rate  raised  until  auricular  responses 

missed  occasionally  ;  rate  lowered  a  little  to  obtain  regular  responses; 

repeated  several  times  to  obtain  constancy. 
The  auricle  gave  regular  resi>onses  at  a  i-ate  of  480  per  minute,  with 

occasional  short  phases  of  2  :  1  response.     This  rate  maintained. 
Atropine  sulphate  0-0075  g.  injected.      Shortly  afterwards  strong  right 

vagal  stimulation  was  without  influence  on  tlie  heart. 
Tlie  auricle  is  now  responding  i-egularly  to  alternate  stimuli. 
Same  mechanism  prevails. 


foreshadowed  by  lengthened  transmission  intervals  in  the  auricular  muscle 
and  these  lengthened  intervals  occvu:  at  lower  rates  when  the  heart  is 
atropinised  than  when  it  is  not.  It  is  true  to  say  therefore  that  in  certain 
circumstances  atropine  is  capable  of  depressing  conduction  in  the  auricular 
walls.  It  predisposes  the  rapidly  beating  auricle  to  exhibit  defects  of 
conduction,  it  enhances  the  defect  once  tliis  is  present.  The  manner  in 
which  it  does  so  is  quite  intelligible,  even  though  this  influence  may  seem 
paradoxical.  Actually,  as  we  have  been  able  to  show,i^  atropine  has  no 
effect  upon  the  rate  of  fibre  conduction  in  the  auricle  ;  its  influence  is  upon 
the  refractor}'  period. 
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This  effect  of  atropine  is  the  converse  of  what  \ve  have  previouslj'  described, 
namel)-,  that  if  the  rate  of  stimiilaticn  is  driven  sufficiently  high  to  produce 
widened  conduction  intervals,  or  missed  responses,  stimulation  of  the  vagus 
reduces  the  conduction  intervals  in  the  auricle  to  their  original  level  or 
induces  a  1  :  1  response." 

The  demonstration  of  these  effects  of  atropine  uj^on  conduction  in  the 
auricular  wall  are  the  more  important  because  a  parallel  series  of  reactions 
may  be  eUcited  in  the  tissues  which  unite  the  auricle  and  ventricle.  It  is 
usual  to  think  of  atropine  as  a  drug  which,  if  it  has  any  effect  upon  conduction 
from  auricle  to  ventricle,  will  reduce  the  conduction  intervals  and  remove, 
partially  or  completely,  any  tendency  towards  heart-block.  That  is  but 
natural,  in  that  heart-block  between  auricle  and  ventricle  may  be 
and  often  is  the  result  of  vagal  inhibition,  and  atropine  abolishes  vagal 
tone. 

But  if  the  action  of  atropine  upon  A-V  conduction  is  tested  in 
circumstances  comparable  to  those  described  for  the  auricular  muscle,  its 
effect  is  found  to  be  different  to  its  usual  action.  It  has  been  our  experience, 
in  a  long  series  of  experiments,  to  note  that  the  rate  of  rhythmic  stimulation 
of  the  auricle  necessary  to  ehcit  block  between  auricle  and  ventricle  is  lower 
in  the  atropinised  than  in  the  unatropinised  heart  ;  in  other  words,  atropine 
predisposes  to  heart-block,  when  the  main  factor  inducing  such  block  is  a 
liigh  auricular  rate.  If  the  auricle  is  driven  at  so  high  a  speed  that  the 
ventricle  only  just  responds  to  it  regularly,  then  an  injection  of  atropine  will 
usually  render  the  ventricular  responses  irregular  ;  a  mechanism  in  which 
there  is  a  regularly  widened  A-V  interval  (Fig.  2)  gives  place  to  one  in  which 
the  intervals  remain  mdened,  or  increase,  and  in  which  the  ventricle  from 
time  to  time  fails  to  respond  (Fig.  3).  The  reaction  is  similar  to  that  produced 
in  the  auricular  wall,  and  already  described.  It  should  be  under.stood  that 
both  reactions  are  seen  when  full  doses  of  atropine  are  given,  doses  sufficient 
completely  to  paralyse  the  vagus.*  The  reactions  are  persistent  effects. 
This  point  is  emphasised  because,  as  is  now  known,  atropine  in  small 
doses  will  stimulate  the  vagus.*  The  reactions  wliich  we  describe  are  not 
of  this  class  ;  we  are  not  describing  temporary  or  initial  effects  but  final  ones. 
A  frequent  effect  of  atropine  in  full  dose  is  first  slightly  to  increase  vagal 
tone  and  finally  to  decrease  and  abolish  it  ;  this  leads,  when  the  heart  action 
is  normal,  first  to  .slight  slowing  and  finally  to  quickening  of  the  beat.  The 
paradoxical  result  which  we  describe  in  terms  of  block  is  a  final  increase  of 
block  as  the  result  of  atropine  ;  actually  an  initial  decrease  of  block  has 
not  been  recorded,  but  the  notes  of  our  experiments  speak  of  its  happening 
on  one  occasion  ;  the  immediate  sequel  to  the  injection  of  atropine  was  a 
very  temporary  relief  of  pre-existing  block,  the  final  effect  was  a  shght 
increase  upon  the  original  degree  of  block. 

*  As  proved  in  each  instance  to  be  tlie  case,  the  dose  used  is  ^  to  1  c.c.  of  a  1  per  cent, 
solution  of  the  suljjhate. 
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Effect  of  vagal  section  and  atropinisalion  on 
rapidly). 


A-  V  conduction  {the  auricle  beating 


Dog  N  E 
(kilo  10-5) 


Rhj'tlunic  stimulation  of  auricle,  rate  raised  until  ventricular  responses 
are  just  missed  ;  rate  lowered  a  little  to  obtain  regular  response  of 
ventricle  ;  repeated  and  lower  rate  then  maintained. 

Tlie  ventricle  gave  regular  responses  at  this  rate,  namely,  300  per 
minute  (P-R  =  01 53  of  a  second)  for  many  minutes. 

Atropine  sulphate  001  g.  ;  sliortly  afterwards  strong'  right  vagal 
stimulation  was  without  effect  on  the  heart. 

Ventricle  dropping  occasional  beats  (recorded)  and  continued  to  do  so 
for  1 1  minutes,  when  obser\-ation  ended. 


Dog  N  F 
(Idlo  12-5) 


12.50 
12.52 


Bhythmic    stimulation    of    auricle ;  rate    of    stimulation    raised    imtil 

ventricular  responses  are  just-  missed  ;  rate  lowered  a  little  to  obtain 

regular  response  of  ventricle ;  repeateil  and  lower  rate  then  maintained. 

Tlie  ventricle  gave  regular  respn'ii"  -    it  ili-  latc.  namely,  330  per 

minute  {PR  =  0-180  of  a  second)  f.  r  iii;iii\    i,  innt.s. 

Atropine  sulphate  001  g.  ;  shortly  aitenvanls  strong  right  vagal 
stimulation  was  without  effect  on  the  heart. 

Ventricle  dropping  beats  frequently  (recorded)  and  continued  to  do  so 
for  8  minutes,  when  the  observation  ended. 


Dog  N  G 
(kUo  9-7) 


Rhrthmic    stimulation    of    auricle ;  rate    of    stimulation    raised    until 

ventricular  responses  are  just  missed  ;  rate  lowered  a  little  to  obtain 

regular  res]3onse  of  ventricle ;  repeated  an<l  lower  rate  then  maintained. 

The  ventricle  gave  regular  responses  at  this  rate  of  stimulation, 

namely,  330  per  minute  ( P- ft  =  01 27  of  a  second)  for  several  minutes. 

Both  vagi  cut.  Regtilar  resjjonse  of  ventricle  continued  {P-R  =  0-133 
of  a  second). 

Atropine  sulphate  0-005  g.  Shortly  afterwards  strong  right  vagal 
stimulation  was  without  effect  on  the  heart. 

Ventricle  dropping  occasional  beats  (recorded). 

Ventricle  dropping  occasional  or  frequent  beats  ;  observation  ended. 


Dog  N  H 
(kilo  17-3) 


Rhythmic  stimulation  of  auricle  ;  rate  of  stimulation  raised  imtil 
ventricular  responses  are  just  missed  ;  rate  lowered  a  little  to  obtain 
regular  response  of  ventricle ;  repeated  and  lower  rate  then  maintained. 
The  ventricle  gave  regular  responses  at  this  rate  of  stimulation, 
namely,  229  per  minute  {P-R  inten-al  =  0-172  of  a  second)  for  several 
minutes. 

Both  vagi  cut ;  one  ventricular  response  in  eight  missed  (records). 

Beats  still  dropped. 

Beats  no  longer  dropped. 

Atropine  001  g.  Shortly  afterwards  strong  right  vagal  stimulation  was 
without  effect  on  the  heart.  The  block  did  not  increase,  the  PR 
interval  falling  to  0-113  of  a  second. 


Doy  N  I 
(kilo  12-2) 


Rhj'thmic  stimulation  of  auricle ;  rate  of  stimulation  raised  imtil 
ventricular  responses  are  just  missed  ;  rate  lowered  a  little  to  obtain 
regular  resiionse  of  ventricle ;  rei)eated  and  lower  rate  then 
maintained. 

Tlie  ventricle  gave  regular  responses  at  this  rate  of  stimulation, 
namely,351  per  rninute  ( P- ft  =  0-161  of  a  second)  for  several  minutes. 

Both  vagi  cut.  Ventricle  fails  to  respond  one  beat  in  eleven.  Tliis 
mechanism  continued  until  11.9 

Atropine  001  g.  Shortly  afterwards  strong  right  vagal  stimulation 
was  without  effect  on  the  heart. 

Ventricle  dropping  one  beat  in  four. 

A'entricle  dropping  one  beat  in  two  or  tliroo. 
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The  explanation  of  these  paradoxical  effects  of  atropine  is  given  bj-  the 
similar  reactions  of  the  auricular  muscle.  The  high  rate  of  stimulation 
produces  a  critical  relation  between  the  length  of  the  refractory  period  of  the 
tissue  involved  and  the  inter-stimulus  interval ;  atropine  bj-  prolonging  the 
refractory  period  renders  a  lesser  or  greater  number  of  the  fibres  incapable 
of  responding  to  the  on-coming  stimuli.  This  change  produces  widened 
transmission  intervals  and,  when  all  the  fibres  refuse  to  accept  the  stimulus,  a 
dropped  beat. 

That  the  degree  of  A-V  block  produced  by  rapid  stimulation  of  the 
aualcle  increases  after  atropinisation  is  a  conclusion  which  we  have  come  to 
from  a  number  of  scattered  observations  made  during  the  progress  of 
experiments  undertaken  from  other  points  of  view.  The  conclusion  if 
warranted  has  seemed  to  us  of  so  much  theoretical  interest  that  we  have 
recently  repeated  the  observations  in  a  more  dehberate  manner.  These 
recent  results  are  given  in  the  accompanying  protocols  (Table  III). 

These  observations  confirm  our  previous  experience  and  add  to  it. 
The  effect  of  atropine  in  increasing  the  preceding  block  is  almost  invariable. 
One  exception  (Dog  AH)  was  noted  ;  in  this  instance  conduction  improved 
after  atropine.  In  tliis  case  the  critical  auricular  rate  necessary  to  produce 
block  was  inconstant  and  altered  during  the  progress  of  the  observation  for 
unexplained  reasons.  These  observations  also  show  that  section  of  both 
vagi  will  produce  the  same  effect  ;  though  section  is  a  less  reliable  method 
of  bringing  about  the  change.  We  have  attempted  to  obtain  the  converse 
reaction,  namely,  a  decrease  in  the  grade  of  block  by  very  weak  stimulation 
of  the  vagi,  but  have  not  as  yet  succeeded.  If  an  effect  is  seen,  it  is  in  the 
direction  of  increasing  the  block.  It  is  presumed  that  the  usual  increase  in 
A-V  block  under  vagal  stimulation  is  due  to  a  depressant  action  of  this  nerve 
upon  the  rate  at  which  excitabihtj-  recovers,  and  that  tliis  action  upon  the 
nodal  tissues  more  than  counterbalances  such  reduction  of  the  refractory 
period  as  vagus  stimulation  induces.  This  double  action  of  the  vagus, 
whereby  on  the  one  hand  it  tends  to  improve  conduction  and  on  the  other 
to  effect  it  adversely,  is  more  fully  discussed  by  one  of  us  in  a  recent  lecture.^" 
The  effect  of  vagal  section  or  of  atropinisation  in  increasing  the  A-V  block 
which  follows  rapid  auricular  action,  is  one  of  the  paradoxical  reactions 
which  confirms  the  view  that  these  two  opposed  actions  of  the  vagus  exist. 

Observations  upon  a  direct  action  of  strophanthix. 
We  shall  now  describe  certain  reactions  of  the  dog's  heart  to  strophanthin,* 
which  seem  important  theoretically  and  not  without  practical  interest. 

It  is  known  that  drugs  of  the  digitahs  series,  including  strophanthin,  are 

*  The  stroplianthin  employed  has  been  a  crystallised  preparation  (from  g-strophanthtis)  by 
Merck  ;  it  is  the  same  preparation  as  used  in  the  clinical  service  and  is  known  to  give  decided 
effects  in  rases  of  auricular  fibrillation  in  doses  of  from  1/250  to  1/100  of  a  grain. 

In  comparing  the  clinical  and  experimental  actions  of  drugs  it  is  of  some  consequence  that 
these  sliould  be  tested  with  a  drug  coming  from  a  single  source  ;  preferable,  as  in  this  instance, 
from  the  same  bottle. 
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capable  of  producing  block  at  the  A-V  ring.  The  manner  in  which  this 
block  is  produced  in  mammals  has  been  the  subject  of  much  discussion. 
Cushny^  injected  strophanthin  into  large  and  medium  sized  dogs 
intravenously  in  doses  of  from  0-5  to  10  miUigramme  and  more.  Amongst 
other  effects  in  the  "  first  stage  "  of  poisoning,  he  obtained  vagal  slowing,  and 
sometimes  profound  slowing,  of  the  whole  heart  ;  not  infrequentlj^  he  saw 
a  curious  condition  in  which  conduction  between  auricle  and  ventricle  seemed 
impaired.  Tliis  last  condition  consisted  in  the  appearance  of  a  pau.se  or 
pauses  in  the  auricular  or  ventricular  beating,  and  simultaneously  the  two 
chambers  were  discovered  to  be  beating  independently.  Section  of  the  vagi 
aboUshed  these  irregularities.  Incomplete  A-V  block,  the  ventricle  faihng 
to  respond  to  occasional  or  alternate  auricular  impulses,  was  not  seen  by 
Cushny  ;  but  it  has  been  recorded  by  Tabora*  and,  more  recently,  by  Halsej'. 
Halsey^  usually  gave  strophanthin  in  doses  of  presumably  004  to  005 
milligramme  per  Idlo  of  body  weight  {i.e.,  0-4  to  0-5  mg.  to  10  kilo  animals) 
in  morphinised  or  hghtly  etherised  dogs,  and  recorded  partial  A-V  block. 
Both  these  workers  infer  that  the  block  is  in  part  vagal. 

In  view  of  observations  in  which  impaired  A-V  conduction  appears 
to  be  of  inhibitory  origin,  it  has  been  natural  to  assume,  as  Cushny 
notes  in  a  recent  jjaper,^  that  the  slowing  of  the  ventricle  in  cUnical 
fibrillation  of  the  auricle,  where  this  is  produced  bj'  digitaUs,  is  of  a  vagal 
origin.  But  Cushny  holds  a  different  view,  believing  the  chnical  effect  to  be 
direct  upon  the  muscle.  We  do  not  propose  to  set  forth  the  arguments  for 
the  one  ^iew  or  the  other  in  the  present  article  ;  the  subject  is  fully  discussed 
by  Cushnj'  in  the  paper  last  cited  and  is  also  re\-iewed  along  similar  lines 
by  one  of  us  in  a  recent  pubUcation.*"  The  question  is  not  a  .simple  one, 
but  it  seems  to  us  that  Cushny  has  shown  that,  in  part  at  least,  the 
clinical  action  may  be  a  direct  one  upon  the  muscle  ;  at  the  same  time 
we  do  not  think  that  it  is  yet  estabUshed  that  the  action  may  not  also  be 
in  part  inliibitory.  The  observations  about  to  be  recorded  in  i)art  explain 
the  nature  of  the  direct  action  and  help  us  to  understand  why  members  of 
the  digitalis  series  exert  an  effect  seemingly  of  an  unusually  profound  kind 
upon  A-V  conduction  when  the  auricles  are  fibriUating.  Cushny  believes 
that  this  profound  reaction  is  due  to  an  altered  nutrition  of  the  muscle  in 
the  case  of  fibrillation  ;  of  this  we  are  not  as  yet  convinced. 

In  attempts  to  compare  the  effects  of  the  drug  used  chnically  and 
experimentally,  two  factors  seem  to  have  received  insufficient  attention. 
The  first  is  the  rate  at  wliich  the  auricle  is  throwing  off  impulses  to  the 
ventricle  ;  and  the  second  is  the  dose  of  strophanthin  given.  In  fibrillation 
of  the  auricles  the  impulses  enter  the  A-V  node  at  rates  estimated  in  man 
at  400,  and  in  dogs  at  about  500  to  600  per  minute.  Briefly,  the  rate  at 
which  the  impulses  are  showered  upon  the  node  is  such  that  a  preUminary 
condition  of  block  is  always  estabUshed  ;  we  have  seen  that  the  maximal 
rates  of  uniform  ventricular  response  to  the  auricle  driven  by  rhythmic 

»  Zeitschr.  f.  exper.  Pathol,  u.  Therap.,  1906,  m.,  499. 
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stimulation  lie  in  the  neighbourhood  of  300  per  minute  in  the  unatiopinised 
dog.  The  rate  at  which  the  impulses  impinge  is  a  factor  which  cannot  be 
placed  on  one  side  in  the  discussion.  Thus,  it  has  been  shown  in  the  case  of 
heart-block  by  compression  and  in  asphjxial  block  that,  with  a  given  defect 
of  conduction,  the  rate  of  the  ventricle  becomes  slower  as  the  rate  of  the 
auricle  is  raised  ;  in  other  words,  the  degree  of  block  (measured  as  the  ratio 
of  auricular  to  ventricular  rates)  is  much  enhanced  by  a  rise  of  auricular  rate. 

The  second  factor  is  equally  important ;  the  dose  of  strophanthin 
usually  given  to  dogs  (in  experiments)  has  been  from  0-5  to  2 
milligrammes  ;  such  doses  are  not  used  clinically,  though  the  human  body 
is  many  times  heavier  than  those  of  the  animals  employed  experimentally. 
The  dose  which  has  been  used  experimentally  is  often  a  lethal*  dose. 
Comparable  doses  in  man  are  only  reached  in  instances  of  accidental 
poisoning.  The  usual  doses  emploj-ed  in  clinical  work  are  1/230  repeated  or 
1/100  grain  (approximately  equal  to  0-26  to  0-65  milligramme).  Single 
doses  equivalent  to  those  customarih-  used  in  dogst  would  amount  to  from 
2-5  to  150  milligrammes,  doses  which  are  10  or  more  times  greater  than 
those  actuallj^  employed. 

The  purpose  of  the  experimental  observations  is  to  ascertain  how  certain 
effects  ■witnessed  cUnically  are  produced  ;  a  successful  issue  seems  scarcely 
to  be  anticipated  unless  doses  more  comparable  to  those  used  clinically  are 
employed  in  experiment.  If  these  small  doses  are  given  to  dogs  in  which  the 
heart  is  beating  normally,  no  very  obvious  effect  is  observed  ;  presumably 
it  is  for  this  reason  that  the  dose  has  been  increased. 

It  is  in  the  patient  in  whom  the  auricles  are  fibrillating  that  the  clinical 
doses  produce  ob\-ious  reactions  ;  and,  so  far  as  we  are  aware,  equivalent 
doses  have  not  been  tried  in  the  dog  when  a  high  rate  of  auricular  beating 
is  maintained. 

As  our  experiments  have  shown  us,  if  the  auricular  rate  is  maintained 
at  a  liigh  point,  effects  are  to  be  observed  in  the  dog"s  heart  when  doses 
much  smaller  than  those  customarily  employed  in  experiment  are  given. 
On  occasion  a  distinct  reaction  is  obtained  with  a  dose  of  as  little  as  0-13 
miUigramme  ;  a  distinct  reaction  is  always  obtained  with  total  doses  of  from 
0-2  to  0-4  milHgramme  in  dogs  of  about  10  kilos  weight.  The  reactions  seen 
in  these  circumstances  are  reactions  preceding  those  of  the  first  stage,  as 
this  is  described  in  experiment,  and  they  may  be  more  comparable^  to  the 
therapeutic  reactions. 

*  Tlie  lethal  dose  of  strophanthin  is  0124  nig.  per  kilo  body  weight  in  dogs  (Jamieson*) 
and  01  mg.  per  kilo  body  weight  in  cats  (Hatcher  and  Brody  '  Eggleston,*  Jamieson).  The 
lethal  do.se  in  an  average  sized  cat  (2-5  kilo)  is  0-25  mg.  ;  the  lethal  dose  in  a  medium  sized  dog 
no  kilo)  is  1-2  mg. 

y  Assuming  man  to  be  equally  susceptible  to  the  dog,  and  assvmiing  a  body  weight  of  50  to 
75  kilos. 

%  Even  so  they  are  not  entirely  comparable  :  for  our  doses  still  exceed,  when  calculated  per 
kilo  body  weight,  those  given  to  patients  some  three  or  four  times.  It  may  be  that  the  Imman 
heart  is  somewhat  more  susceptible  than  the  canine,  though  we  think  it  probable  that  reaction 
in  the  dog  would  be  seen  with  even  smaller  doses,  providing  that  the  auricular  rate  was  raised  to 
points  above  those  which  we  have  used.  (Note. — Subsequent  experiment  indicates  that  tliis 
is  the  case.) 
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Observations. 

The  observations  have  been  carried  out  on  dogs  weigliing  from  SO  to 
l()-2  kilogrammes.  The  rate  at  which  the  excitation  wave  is  carried  from 
point  to  point  in  the  auricle,  and  from  auricle  to  ventricle,  has  been  studied, 
the  first  by  means  of  two  pairs  of  direct  contacts  laid  in  Kne  upon  the 
auricular  wall,  the  second  by  means  of  the  usual  lead  II  from  the  limbs.  Ij 
The  indices  of  a  reaction  are  three  in  number  : 

(1)  Widening  of  the  P-R  interval,  and  subsequently  dropped  ventricular 
beats  ; 

(2)  variations  in  the  form  and  height  of  the  intrinsic  deflections  from 
beat  to  beat  in  the  curves  taken  direct  from  the  auricle  (these  variations 
mark  the  first  change  in  transmission  through  the  auricular  muscle  itself) ;  and 

(3)  widening  of  the  transmission  intervals  from  point  to  point  of  the 
auricular  muscle. 

Records  were  taken  before  and  after  the  injections,  and  in  each  experi- 
ment at  two  or  more  rates  of  auricular  beating.  The  auricle  A\as  driven 
at  chosen  rates  by  means  of  rhythmic  break  shocks. 

The  early  effects  of  strophanthin  have  been  best  displayed  in  the  PR 
intervals  (Table  IV).  They  are  clear  in  five  out  of  six  experiments ;  in  the 
fifth  exjieriment  (Dog  MV)  the  degree  of  block  prevaihng  at  the  high  rate 
of  stimulation  before  the  injection  of  strophanthin  was  undesirably  high.* 
The  observations  after  strophantliin  were  made  after  a  delay  of  8-10  minutes 
follo^Wng  each  intravenous  injection,  this  period  being  allowed  for  the 
reaction  to  develop.  Records  at  the  high  and  low  rate  of  stimulation,  and 
with  the  normal  rhythm,  were  taken  in  varjing  orders,  but  as  quickly 
as  possible  in  succession  after  each  other.  Where  several  complete 
observations  follow  a  single  injection,  time  intervals  of  about  5  minutes 
elapsed  between  the  groups. 

A  distinct  effect  on  A-V  conduction  was  seen  after  total  doses  of 
0-39,  0-26,  013  and  0-26  mg.  in  the  first  four  experiments,  and  after  013  mg. 
in  the  last  experiment.  The  reaction  was  displayed  after  these  doses  in  the 
records  taken  while  the  auricle  was  beatiiTg  at  the  highest  rates  (230  to  380 
per  minute).  In  two  instances  (Dogs  MR  and  NT)  the  change  was  seen 
after  the  same  dose  in  the  records  taken  at  both  higher  and  lower  artificial 
ratesf  ;  in  the  remaining  experiments  an  additional  injection  was  needed 
to  produce  conduction  change  at  the  lower  rate  of  rhythmic  response.  With 
the  possible  exception  of  Dog  NT,  heart-block  was  not  observed  while  the 
heart-beat  was  uncontrolled.  The  natural  PR  interval  was  recorded  in 
the  last  four  experiments. 

*  \Vhen  a  condition  of  2  :  I,  1:1  response  prevails  as  a  result  of  raised  rate,  small  increases 
in  the  degree  of  block,  consequent  upon  the  injection  of  strophanthin  are  not  easily  detected  with 
certainty. 

t  In  these  experiments,  the  rat«s  (230  and  280  ;  180  and  234)  were  either  too  close  to  each 
other  to  yield  a  decisive  difference,  or  the  dose  was  a  little  too  large  for  its  effect  to  Ix-  differentiated 
bj-  rate. 
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Fig.  4  illustrates  the  eur\'es  from  which  the  table  is  coin^jilcd. 
Ill  Fig.  4rt  the  auricle  is  being  clrivca  at  a  rate  of  222  per  minute  and  the 
PR  interval  measures  0107  of  a  second.  Fig.  4c  is  a  similar  curve  taken 
S  minutes  after  the  injection  of  the  last  of  two  doses  of  strophanthin  (total 
0-26  mg.).  The  PR  interval  remains  unchanged,  measuring  0107  of  a 
second.  Figs.  46  and  4d  are  the  two  companion  curves,  the  auricle  in  each 
being  driven  at  343  per  minute.  In  Fig.  46  the  PR  interval  is  01 37  of  a 
second,  a  rise  purely  dependent  on  the  rate  of  the  auricular  beating  ;  in 
Fig.  Ad  it  is  01 63  of  a  second,  a  further  increase  which  is  attributable  to 
strophanthin  (total  dose,  0-26  mg.). 

A  further  dose  of  01 3  mg.  was  now  given,  and  the  effect  is  shown  in 
Figs.  4e  and  4/.  At  the  high  rate  of  stimulation  (Fig.  4e)  (346  per  minute) 
dropped  beats  are  frequent ;  at  the  lower  rate  of  219  per  minute  (Fig.  4f), 
a  very  slight  increase  of  the  P-R  interval  (as  compared  with  Fig.  ia)  is  visible  ; 
the  interval  measures  01 14  of  a  second  as  compared  to  the  old  reading  of 
0107  of  a  second.  In  the  experiments  there  was  no  material  change  of  the 
natural  heart  rate  consequent  upon  the  injections,  thus,  in  two  out  of  the 
four  expei'iments  in  which  the  rates  were  recorded,  these  rose  slightly  after 
the  injections  ;  in  two  they  fell  slightly.  While  the  heart  beat  naturally 
there  was  therefore  little  or  no  sign  of  inhibition  of  the  auricle,  such  as  has 
been  described  as  occurring  in  the  "1st  stage  "  of  poisoning.  In  three 
experiments  when  frequent  dropped  beats  appeared  after  injections  of 
strophanthin,  while  the  auricle  responded  to  the  high  rate  of  stimulation,  we 
have  fully  atropinised  the  heart,  and  in  another  we  have  cut  both  vagi, 
without  diminishing  the  grade  of  block.  The  block  of  our  experiments  is 
not  of  vagal  origin  ;  so  far  as  it  is  ascribable  to  the  drug,  it  is  a  direct  action 
on  the  muscle. 

A  certain  degree  of  heart-block  was  present  at  the  liigh  rate  of  auricular 
beating  in  each  experiment  before  strophantliin  was  injected  ;  the 
strophanthin  in  single  or  repeated  doses  increased  the  degree  of  tliis  block. 
In  tliis  resj^ect  the  conditions  are  similar  to  those  met  with  clinically  ;  for 
when  the  auricles  are  fibrillating  many  impulses  fail  to  reach  and  stimulate 
the  ventricle  and  strophanthin  increases  the  number  of  impulses  which  fail 
in  this  manner.  The  nature  and  situation  of  the  preliminary  block,  resulting 
from  enhanced  auricular  rate,  has  been  discussed,  and  it  is  concluded  that 
it  is  due  to  the  time  relation  of  the  descending  stimuli  to  the  refractory  period 
of  the  muscle  showing  the  defect  ;  it  has  also  been  concluded  that  the  block 
is  situated  in  the  A-V  node.  The  increase  in  the  grade  of  this  block  by 
strophanthin  is  naturally  ascribed  to  an  increase  in  the  length  of  the  node's 
refractory  period.  This  view  also  finds  support  from  our  observations  upon 
the  auricular  muscle  itself,  presently  to  be  described. 

We  conclude  that  an  early  action  of  strophantliin  upon  the  tissues 
uniting  auricle  and  ventricle  in  the  dog  is  a  direct  action  and  consists  in  a 
lengthening  of  the  refractory  period  in  the  fibres  of  the  A-V  node.  An 
action   of  this   kind  occurring  in  man   would  reduce  the  ventricular  rate 
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of  response  to  the  Hbrillatiiig  auricle,  and  would  in  part  (we  do  not  say 
wholly)  account  for  the  curious  susceptibility  of  the  fibrillating  heart  to 
strophanthin,  as  this  is  observed  clinically.  The  \iew  is  consistent  with  the 
fact  that,  in  patients  who  suffer  from  auricular  fibrillation,  the  reduction  of 
the  ventricular  rate  by  means  of  members  of  the  digitalis  series  is  the  more 
certain,  the  higher  the  original  rate  of  ventricular  beating.  Incidentally,  the 
early  and  direct  action  upon  the  tissues  uniting  auricle  and  ventricle,  observed 
in  the  dog.  brings  the  observations  upon  the  mammahan  heart  more  closely 
into  line  with  those  wliich  have  been  recorded  upon  the  cold-blooded  heart. 

It  is  concluded  that  the  direct  action  of  the  strophanthin  is  upon  the  A-V 
node  for  reasons  similar  to  our  conclusions  that  the  block  produced  by  .simply 
raising  the  auricular  rate  is  so  situated.  In  several  experiments  while 
frequent  dropped  beats  of  the  ventricle  have  been  present  in  dogs  under 
strophanthin,  the  auricle  being  driven  rapidly,  the  rhj-thmic  shocks  have  been 
rapidly  transferred  from  auricle  to  ventricle.  The  result  has  been  similar 
in  every  respect  to  that  alreadj-  illustrated  (Fig.  1).  Although,  while  the 
auricle  is  stimulated,  the  ventricle  fails  fuUy  to  respond,  yet  when  the  shocks 
are  turned  into  the  ventricle  it  responds  to  each  shock  successively  ;  and  it 
does  so  whether  the  shocks  have  a  value  but  verj-  shghtl}'  above  the  threshold 
point  for  the  ventricle  or  are  stronger.  The  failure  of  the  ventricle  to 
respond  to  each  impulse  from  the  auricle,  while  the  latter  is  beating  rapidly 
and  the  heart  is  poisoned  with  strophanthin,  is  not  due  therefore  to  lengthened 
refractory  period  of  the  ventricle,  neither  is  it  due  to  a  "  lowered  excitabihty  " 
of  this  muscle  ;  the  block  lies  in  the  junctional  tissues.  In  the  digitaUsed 
frog's  heart,  displacing  A-V  block,  de  Boer^  definitely  concludes  that  the 
block  is  in  the  muscle  of  the  ventricle,  the  refractory  period  of  which  is 
increased  ;  it  may  be  that  in  this  respect  there  is  a  contrast  between  the  heart 
of  the  ampliibian  and  mammal,  though  we  do  not  regard  de  Boer's  arguments 
as  convincing. 

Action  on  Ike  auricular  muscle. 

The  earliest  sign  of  changed  conduction  in  the  auricular  wall  manifests 
itself  as  an  irregularity  in  the  amplitude  of  the  intrinsic  deflections  of  direct 
leads  from  the  auricular  muscle.  Similar  irregularities  in  the  direct  auricular 
curves  are  produced  by  increase  of  rate  alone,  provicUng  the  rate  reached  is 
sufficiently  high  ;  these  have  been  described  fully  in  previous  communications, 
and  have  been  ascribed  to  minor  defects  in  transmission  resulting  from  the 
wave  encountering  some  refractory  fibres  in  its  path.  The  irregularities 
seen  under  strophanthin  are  the  same,  but  are  produced  at  lower  rates  of 
beating.  If  the  auricular  rate  is  raised  to  a  point  somewhat  below  that  at 
which  irregularity  would  be  displayed  and  strophanthin  is  then  administered, 
the  irregularity  appears.  A  dose  of  013  mg.  of  the  clrug  may  suffice,  though 
for  such  small  doses  the  rat«  of  beating  has  to  be  raised  to  a  critical  point. 
If  records  are  taken  while  the  auricle  is  driven  alternately  at  a  high  rate  and  a 
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rate  some  100  beats  per  minute  lower,  the  irregularity  tends  first  to  ajjpcar  or 
first  to  increase  in  its  degree  at  the  liigh  rate*  as  a  result  of  small  repeated 
doses  of  strophanthin. 

The  meaning  of  these  reactions  is  not  in  doubt.  Irregularity  of  the 
record  is  produced  when  the  stimuli  fall  sufficiently  close  to  the  end  of  the 
preceding  refractory  periods  ;  the  gap  between  the  two  is  lessened  as  the 
heart  rate  is  raised  because  the  stimulus  falls  earlier  ;  it  is  lessened  by 
strophanthin  because  this  drug  lengthens  the  refractory  period. 

An  action  of  drugs  of  the  digitalis  series  upon  the  length  of  systole, 
is  one  which  has  been  known  for  many  years  and  upon  wliich  all  observers 
are  agreed  ;  it  is  conspicuous.  It  is  usually  and  rightly  assumed  that  the 
length  of  the  refractory  period  widens  correspondingly.  Straub"  found 
the  refractory  period  lengthened  by  antiarin.  Cushny-  noticed  great 
lengthening  of  systole  in  the  first  stage  of  iioisoning  in  the  dog,  but  attributed 
it  to  the  accompanying  retardation  of  rate,  a  factor  which  has  necessarilj'  to 
be  taken  into  account.  We  know  of  no  actual  measurements  of  the  refractory 
period  in  the  mammaUan  auricle  under  strophanthin  or  of  anj-  observations 
on  the  allied  drugs  while  the  rate  is  maintained  ;  and  have  considered  it 
advisable  to  make  direct  observations.  The  method  used  has  been  described 
fuUy  in  a  pre^-ious  article^^  (page  85).  The  atropinised  heart  is  driven  by 
means  of  rhythmic  break  shocks  applied  to  the  auricle  ;  the  testing  shocks 
have  consisted  of  occasional  break  shocks  many  times  the  threshold  value 
and  applied  at  the  same  point.  In  the  last  two  experiments  the  threshold 
value  of  the  testing  shocks  has  been  recorded  in  our  notes  ;  and  in  each  of 
these  experiments  also  the  refractorj-  period  under  a  given  dose  of  strophanthin 
has  been  tested  with  the  coil  at  different  points,  each  of  which  should,  in  our 
opinion,  give  the  measure  of  the  absolute  refractory  period.  On  neither 
occasion  was  there  a  fall  in  the  measurement  when  the  stronger  stimuli  were 
used.  The  values  may  be  taken  therefore  to  represent  the  absolute  period 
and  not  to  include  any  portion  of  the  relative  period.  Our  table  shows  that 
the  refractory  period  widens  from  the  values  0092,  0118,  0104  and  0121 
of  a  second  to  0-161,  0158,  0135  and  0-156  of  a  second  with  doses  of 
0-13  mg.  ;  a  second  and  equal  dose  forces  it  to  0-188,  0-175,  0160  and  0-200 
of  a  second.  The  lengthening  is  conspicuous, f  being  from  50  to  100  per 
cent.,   -with  total  doses  of  0-26  mg. 

When  the  amplitudes  of  the  deflections  begin  to  vary  in  direct  auricular 
leads  under  the  influence  of  strophanthin,  a  further  smaU  dose  (0-13  mg.)  will 

*  Sometimes  it  appears  or  increases  simultaneously  at  high  and  low  rates.  This  is  a  question 
of  the  rates  used  and  the  dose  of  the  drug  given. 

t  Tait'^  concludes  that  the  absolute  refractory  period  of  the  heart  is  not  prolonged  by 
Yohimbine  ;  but  the  previous  t«xt.  and  his  figures  scarcely  warrant  this  statement.  They  warrant, 
perhaps,  the  statement  that  Yohimbine  does  not  prolong  the  refractory  period  beyond  the  summit 
of  systole.  It  is  not  possible  to  measure  the  length  of  systole  in  Tait's  curves  ;  there  is  the 
further  difficulty  that  verj-  different  rates  of  beating  are  compared. 

It  is  to  be  emphasised  that  our  measurements  apply  to  the  atropinised  auricle ;  the 
refractory  period  cannot  be  measured  so  satisfactorily  in  the  vmatropinised  organ,  though  in 
one  unatropinised  auricle  we  have  recorded  an  appreciable  rise  after  strophanthin  (0-13  mg.). 
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Rijfmctorij  period  befo 


TABLE  V. 

!(/  afkr  slrophanlhin.     (  Atropini 


Dog 

M  y  (10-1  kilo). 

M  Z   (9-5  kilo). 

After 

(total  in  mi 

ligr.). 

After  (total 

in  milligr.). 

Before. 

Before. 

0-13 

0-26 

0-33 

0-13 

0-22 

Auricular  rate 

200 

210 

210 

212 

209 

212 

224 

0-183 

0-173 

0151 

0-140 

0-147 

0-139 

0-246 

0143 

0-137 

0-220 

0125 

0-185 

0-236 

0-134 

0-218 

0-217 

0124 

0-179 

0-227 

0-133 

0-214 

0-216 

0112* 

0-173 

0-219 

0-217 

0-125 

0-191 

0-191 

0-103 

01 69 

0-203 

0-206 

0123 

0-187 

0-186 

K.r. 

0-()il8 

U-l(i8 

0-197 

0-181 

0-122 

0-158 

0-186 

0087 

0154 

0180 

0176 

0115 

0158 

0165 

0086 

0145 

0172 

0152 

0113 

0150 

0155 

0084 

0134 

0170 

0111 

0130 

0142 

0074 

0131 

0154 

0104 

0129 

0141 

0073 

0128 

0098 

0071 

0120 
0-120 
0111 
0106 

S:i§§ 

0059 

Threshold  coil  at 

_ 



- 



_ 





Coil  at  . . 

8cm.t 

8  cm. 

8  cm. 

8  cm. 

6  cm. 

*  The  readings  in  heavy  type  indicate  '"  no  response.' 
t  llie  secondary  coil  begins  to  overla]!  the  primary  a 
usually  stands  at  about  13  cm.. 


the  initial  threshold  for  dogs 


Dog 

A'.S'(lOkilo). 

N  T  (8  kilo). 

After  (total  in  milligr.). 

After  (total  in  m 

Uligr.). 

Before. 

Before. 

0-13 

0-13 

0-26 

013 

0-13 

0-26 

Auricular  rate     .  . 

182 

187 

190 

188 

180 

183 

183 

183 

0-218 

0179 

0-209 

0-161 

0-206 

0-130 

0-160 

0-194 

0-205 

0-239 

0-127 

0158 

0178 

0-205 

0157 

0-248 

0-225 

0119 

0-152 

0-166 

0-198 

0-154 

0-235 

0-222 

0114 

0-145 

0-164 

0-179 

0-143 

0-210 

0-221 

0-222 

0-113 

0145 

0-159 

0-177 

0-136 

0-171 

0-186 

0-215 

0-110 

0-141 

0-157 

0-136 

0-167 

0-166 

0-203 

R.P. 

0104 

0-140 

0-149 

0-166 

0135 

0-1.58 

01 64 

0-200 

0104 

0130 

0143 

0155 

0  107 

0154 

0163 

0200 

0099 

0116 

0140 

0137 

0101 

0143 

0157 

0193 

0091 

0114 

0137 

0137 

0096 

0141 

0153 

0186 

0089 

0105 

0137 

0136 

0092 

0139 

0152 

0185 

0080 

0094 

0133 

0130 

0086 

0137        0150 

0175 

0067 

0115 

0126 

0075 

0132        0124 

0174 

0091 

0115 

0128    i 

0171 

0113 

0119 

0108 

0103 

Tlireshold  coil  at     .  . 

16-5  cm. 

_ 

12-5  cm. 

10-5  cm. 

13-25  cm. 

13-75cm. 

_ 

12-5  cm. 

Coil  at 

5  cm. 

5  cm. 

6  cm. 

6  cm. 

2  cm. 
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widvn  tlio  transmission  intervals  from  ])oint  to  ])oint  of  tlie  auricular  wall. 
Tiiis  apcords  with  our  experience  of  the  auricle  responding  to  rising  rates  of 
rhythmic  stimulation  only  ;  the  sole  tUfference  being  that  under  strophanthin 
the  rate  of  resjjonse  which  widens  these  intervals  is  lower.  The  widened 
transmission  interval  and  the  deflections  of  varjang  height  are  both  attributed 
to  fibre  blocks.  These  changes  are  progressive  under  strojihanthin  as  the 
doses  are  repeated,  until  eventually  curves  of  a  very  disorderly  type  are 
recorded.  A  simple  form  of  irregularity  is  seen  in  Fig.  5.  The  auricle  is 
responding  to  interrupted  break  shocks  apphed  to  the  right  appendix,  at 
a  rate  of  392  per  minute,  strophanthin  amounting  to  0-19  mg.  had  previously 
been  injected.  In  lead  / 1  partial  A  -  V  block  is  observed,  the  ventricle 
faihng  to  respond  at  each  fourth  cycle  approximatelj'.  Two  simultaneous 
and  direct  records  from  the  Une  of  the  right  appendix  are  also  shown  ;  the 
second  (P),  taken  from  points  nearest  to  the  stimulating  electrodes,  shows 
definite  variations  in  the  amplitude  of  its  deflections.  A  further  dose  of 
007  mg.  strophanthin  (total  0-26  mg.)  was  noM-  given  to  this  animal,  the 
rate  of  stimulation  being  maintained.  Shortly,  the  degree  of  A  -  F  block 
increased  and  the  irregularity  shown  bj'  the  direct  curves  became  much 
more  pronounced.  It  became  especially  pronounced  in  the  distal  lead  from 
the  appendix  (Fig.  6)  ;  in  tliis  the  curve  is  of  a  pecuhar  form.  It  should  be 
comjaared  with  Fig.  6  of  a  previous  article^^,  and  ^nth  the  curves  illustrating 
"  twin  deflections,"  as  these  are  seen  in  the  direct  curves  of  the  fibrillating 
auricle  ( Heart,  Vol.  VIII,  page  206)  ;  it  is  a  form  of  curve  -nith  which  w'e  are 
now  very  famiUar,  and  its  origin  has  been  discussed  fully.  Evidence  has  been 
advanced  to  show  that  it  is  due  to  local  block  in  the  auricular  wall,  the  muscle 
being  in  a  state  of  partial  refractoriness  as  the  wave  passes  through  it. 
The  irregularity  of  tliis  and  similar  records  suggests  that  strophantliin  not 
only  prolongs  the  refractory  period  but  that  it  may  influence  the  state  of 
partial  refractoriness  which  the  muscle  presents  when  it  beats  rapidly  ; 
for  the  degree  of  disorder  shown  is  greater  than  with  a  rise  of  rate  alone. 
A  somewhat  similar  idea  has  occurred  to  Tait'°  in  liis  work  on  Yohimbine. 

That  the  irregularities  in  the  auricular  records  described  result  from  the 
time  relations  of  the  stimuU  to  the  refractor}-  state  (absolute  or  partial) 
of  preceding  contractions,  is  scarcely  to  be  doubted  from  the  close  resemblance 
which  they  bear  to  those  described  in  previous  articles  ;  but  to  set  the 
matter  at  rest  we  have  again  emploj-ed  vagal  stimulation  as  a  test.  If  these 
irregularities  are  the  result  of  change  in  the  rate  of  fibre  conduction,  they 
should  not  be  influenced  by  vagal  stimulation,  for  the  latter,  as  we  have 
shown,  does  not  affect  the  rate  of  conduction  through  individual  fibres. 
On  the  other  hand,  if  they  are  dependent  upon  the  length  and  constitution 
of  the  refractory  period,  we  should  expect  them  to  be  abohshed  by  vagal 
stimulation.  Such  has  proved  to  be  the  case,  as  the  companion  curves 
(Figs.  7  and  8)  sufficiently  illustrate.  In  the  last  the  curves  of  the  direct 
leads  are  regular  or  the  irregularitj'  has  very  greatly  diminished.  The 
irregularities  discussed  are  not  sensibly  altered  either  by  vagal  section  or  by 
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full  atropimsatiou  ;  iu  so  far  as  these  procedures  influence  the  curves  at  all, 
they  influence  the  irregularitj-  adversely.  It  is  to  be  stated  that,  as  was  the 
case  in  the  present  instances,  the  irregularities  described  are  produced  before 
the  electrocardiogram  of  the  naturall\'  beating  heart  is  appreciably  moditied. 

If,  however,  the  heart  is  poisoned  a  Uttle  deeper,  changes  of  a  profounder 
kind,  though  related  to  those  described,  set  in.  The  auricle  fails  to  respond 
to  stimulation,  at  first  occasionalh'  at  high  rates  of  stimulation,  then 
occasionally  or  frequently  at  lower  rates  of  stimulation,  until  finally  it 
becomes  altogether  irresponsive.  Between  the  first  and  last  stage  (that  which 
precedes  death  of  the  muscle)  are  many  intermediate  stages  ;  in  this  phase 
a  number  of  very  curious  curves  are  to  be  obtained.  They  vary  greatly 
from  experiment  to  experiment  and  vary  much  in  the  order  in  which  they 
appear  ;  we  propose  to  describe  a  few  which  are  relevant  to  the  foregoing 
observations. 

Our  view  of  the  irregular  curves  illustrated  in  Figs.  5  and  0  is  that  they 
represent  stages  of  a  developing  intra-auricular  block.  The  records  now  to 
be  described  demonstrate  this  block  unequivocally  ;  these  were  taken  from 
somewhat  later  stages  of  poisoning.  Thus  Fig.  9  is  from  the  same  animal 
as  Fig.  6  ;  it  was  taken  40  minutes  after  the  latter,  and  20  minutes  after 
tlie  last  dose  of  007  mg.  of  strophanthin  (total  0-33  mg.).  Three  curves  are 
shown  ;  the  upper  from  the  limb  lead  (lead  //)  and  the  middle  and  lowest 
curves  being  taken  by  direct  leads  from  the  inferior  caval  region  of  the 
auricular  wall  and  right  appendix,  respectively.  At  this  stage  of  the 
experiment  the  strength  of  the  rhj-thmic  shocks  entering  the  tip  of  the 
appendix  had  been  much  increased*  and  the  shocks  themselves  appear  as 
st«ep  deflections  (s,  s)  iu  the  lowest  curve.  For  the  first  few  cycles  of  the 
record  these  shocks  alone  appear  in  the  appendix  curve  ;  in  the  caval  curve 
there  are  three  small  elevations,  v,  which  clearlj^  correspond  to  movements 
of  the  ventricle.  Briefly-,  neither  the  record  from  the  inferior  caval  regions 
nor  from  the  appendix  shows  sign  of  muscular  activity  ;  these  portions  of  the 
auricle  gave  no  visible  contractions,  and  the  strings  recorded  no  electrical 
discharge.  The  auricle  seemed  at  a  standstill  and  quite  inexcitable.  The 
inspection  of  the  chamber  and  the  two  direct  curves  are  sufficient  evidence 
of  stand.still  in  the  exposed  part  of  the  right  auricle  ;  but  not  for  the  whole 
auricle,  for  the  record  from  lead  1 1  demonstrates  that  some  deeper  portions 
were  still  active  though  beating  slowl}-.  Three  distinct  waves,  P,  appear 
in  the  early  part  of  this  record.  It  appears  from  this  record,  therefore,  that 
a  section  of  the  auricle  had  been  thrown  out  of  action.  This  state  was  but 
temporar}-,  it  occurred  phasically  ;  the  beginning  of  an  irregularly'  active 
phase  is  shown  in  the  last  half  of  the  same  figure.  Here  arc  a  number  of 
variable  deflections,  a,  b,  c,  etc.,  in  the  middle  record,  which  speak  for 
activity  of  the  muscle  beneath  the  corresponding  contacts  ;  simultaneously 
a  minute  deflection,  which  grows  in  amplitude  and  steepness  as  the  record 

*  To  compensate  for  the  fall  of  auricular  excitability. 
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proceeds,  appears  in  the  lowest  curve.  These  deflections  of  tlie  last  part 
of  the  curve  coincided  with  the  appearance  of  visible  contractions  of  the 
muscle  and  with  a  notable  growth  in  the  size  of  the  waves  P  in  lead  /  /. 
Phasically,  therefore,  the  wall  of  the  right  auricle  passed  in  and  out  of  action. 
When  it  passed  into  action  it  appeared  to  respond  to  the  stimuli.  We  say  so 
because  it  beat  at  a  high  rate,  rather  than  because  a  complete  relation  can 
be  estabUshed  between  shocks  and  responses,  and  because,  when  the 
rhythmic  shocks  were  withdrawn,  a  normal  heart  action  was  resumed  at 
once.  It  is  notable,  however,  that  the  response  is  first  most  complete  in 
the  caval  region  and  not  in  the  appendix  itself,  where  the  shocks  enter. 
From  this  it  is  judged  that  the  excitation  waves  passed  at  first  through 
a  very  limited  path  and  failed  greatly  to  impress  their  passage  upon  the 
appendicular  contacts. 

A  second  record  (Fig.  10),  taken  from  a  different  animal,  and  after 
heavier  poisoning,  illustrates  a  similar  condition.  The  total  quantity  of 
strophantliin  given  was  1-3  mg.  (a  lethal  dose),  and  the  record  was  taken 
about  30  minutes  after  the  second  of  two  ec^ual  injections.  The  tip  of  the 
auricular  appendix  was  stimulated  rhythmically  at  a  rate  of  183  per  minute. 
The  appendix  (upper  curve)  responds  to  the  stimuli  after  intervals  which 
change  throughout  the  record  ;  sometimes  there  is  no  response.  The  action 
of  the  muscle  of  the  superior  cava  was  phasic  ;  sometimes  it  contracted 
quickly  and  rhythmically,  then  abruiitly  the  picture  would  change  and  no 
contraction  would  be  visible.  The  record  (lower  curve)  shows  only  the 
shocks  of  stimulation  for  five  cycles,  and  these  are  followed  by  responses 
(e, /,  g,  etc.)  at  intervals  which,  while  they  are  not  quite  regular,  are  almost 
so.  In  the  beginning  of  the  record,  a  large  area  of  muscle  clothing  the 
superior  cava  is  out  of  action,  at  the  end  the  cava  is  beating  somewhat  more 
rapidly  than  the  appendix.  A  diagram  is  intercalated,  which  attempts  to 
relate  the  stimuh  («,  s,  visible  in  both  records  from  place  to  place)  with 
the  responses  of  appendix  and  cava,  respectively.  Tliis  relation  cannot  be 
expressed  in  detail  with  certitude  ;  but  a  relation  must  be  assumed  wliich 
shows  the  appendix  now  responding  without  the  cava,  and  now  the  cava 
without  the  appendix.  The  auricular  beats  of  this  record  were  not 
spontaneous  ;  their  dependence  upon  the  rhythmic  shocks  was  easily  shown 
by  discontinuing  the  latter,  when  the  normal  rhythm  was  at  once  resumed. 

Similar  records  to  these  are  sometimes  obtained  in  the  later  stages  of 
poisoning  when  the  auricle  is  uncontrolled  by  rhythmic  shocks,  and  these 
have  also  been  described  bj'  Tait  in  Yohimbine  poisoning. ^^  Y{g  n  is  a 
record  from  a  dog  taken  60  minutes  after  the  last  of  three  doses  of  strophantliin 
(total  dose  0-39  mg.)  and  after  section  of  both  vagi.  When  this  plate  was 
taken  there  were  no  visible  contractions  of  the  exposed  right  auricle,  and  the 
only  deflections  in  the  direct  leads  {P  and  D  from  the  base  and  apex, 
respectively,  of  the  right  appendix)  are  of  ventricular  origin.  Nevertheless, 
portions  of  the  auricle  were  active,  as  the  P  waves  of  lead  /  /  demonstrate. 
This  condition  of  the  auricle  gave  place  at  short  periods  to  a  rapid  and 
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regular  action  of  the  auricle,  each  beat  of  «liich  gave  a  ventricular  response. 
The  record,  Fig.  12,  is  to  be  compared  with  the  last  figure.  The  muscle 
of  the  base  of  the  appendix  is  now  active  and  recording  the  prominent 
deflections  a,  a,  a.  Response  of  the  tip  of  the  appendix  is  imcertain,  the 
deflections  being  less  well  defined.  Curves  of  these  types  were  alternately 
recorded  many  times,  as  the  exposed  part  of  the  auricle  passed  into  a  state 
of  quiescence  or  became  active. 

Periodic  standstill  of  the  visible  auricle,  while  the  ventricle  continues  to 
beat,  was  described  by  Cushny.-  Such  standstill  of  the  auricle  may  be  more 
apparent  than  real  in  poisoning  b}-  strophanthin.  A  large  portion  of  the 
auricular  tissue  may  become  inactive  wliile  another  hidden  portion  retains 
its  activity  ;  as  to  whether  tliis  Umited  active  portion  ever  controls  the 
movements  of  the  ventricle,  gi\-ing  rise  to  an  apparent  though  not  trul}- 
independent  rliythm,  we  are  unable  to  decide. 


Strojjhanthin  and  it''  direct  effect  on  conduction. 

In  studying  the  effects  upon  A  -  V  conduction  of  strophanthin,  in  the 

;  in  which  we  employ  the  drug,  we  have  seen  that  conduction  is  manifestlj' 
altered  only  when  the  rate  of  auricular  beating  is  high.  An  abrupt  change  in 
conduction,  a  change  in  the  direction  of  depression,  which  comes  when  the 
auricular  rate  is  graduaUj-  raised,  is  characteristic  of  that  form  of  defective 
conduction  wliich  develops  when  the  stimuli  fall  close  to  the  end  of  the 
refractory  periods.  A  similar  change  in  A  -  V  conduction  occurs  in  response 
to  change  of  rate  alone  ;  in  strophanthin  poisoning  the  level  at  which 
depressed  conduction  is  witnessed  is  lowered  and  we  suppose  it  to  be  lowered 
because  strophantliin  prolongs  the  refractor}'  period  of  the  node. 

Similar  arguments  apply  to  the  muscle  of  the  auricular  wall.  Repeated 
do.ses  of  strophanthin  fail  to  alter  the  rate  at  wliich  impidses  are  transmitted 
through  the  tissue,  providing  that  the  rate  at  which  the  auiicles  beat  is 
natural  ;  but  if  the  auricular  rate  is  raised,  then  widened  intervals  are 
demonstrated  and  in  general  these  are  showni  earher  in  the  poisoning  if  the 
rate  at  which  the  auricle  is  driven  is  liigher.* 

We  conclude  that  strophanthin,  in  the  doses  in  which  we  employ  it, 
has  no  effect  on  the  rate  at  which  individual  fibres  conduct  their  impulses, 
but  that  all  the  phenomena  of  depressed  conduction  witnessed  by  us  in  these 
experiments  may  be  ascribed  to  a  change  in  the  refractory  period  of  the 
muscle,  wherebj-  at  rates  of  stimulation  sufficiently  advanced,  the  impulses 
travel  through  muscle  in  a  partially  refractory-  state. 


*  Under  strojAanthin  and  when  the  auricle  is  driven  rapidly  the  form  of  the  deflections  from 
direct  auricular  leads  usually  changes  ;  this  change  not  infrequently  introduces  errors  of  measure- 
ment sufficient  to  destroy  the  value  of  the  readings. 
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Summary  of  conclusions. 

1.  If  the  auricle  is  stimulated  rhythmically  by  means  of  break  shocks, 
and  the  rate  of  stimulation  is  raised,  a  widening  of  intra-auricular  conduction 
intervals  is  observed  ;  a  little  later  the  auricular  muscle  fails  to  respond  to 
each  shock.  Similarly,  when  the  auricle  is  driven  at  increasing  rates,  the 
As  -  Vs  interval  ^^•idens  and  shortly  afterwards  ventricular  beats  are  missed. 
Both  series  of  phenomena  are  attributed  to  the  relation  between  the  inter- 
impulse  intervals  and  the  Icngtli  of  the  refractory  periods  of  the  muscle 
concerned. 

2.  The  range  of  rates  at  which  comparable  events  occur  is  considerably 
lower  in  the  case  of  the  A  -  V  junction  than  in  the  case  of  auricular  muscle. 

3.  The  refractory  period  of  the  junctional  tissues  is  about  30  per  cent, 
longer  than  is  that  of  the  auricular  muscle. 

4.  When  A  -  V  block  occurs  between  auricle  and  ventricle  in  response 
to  raised  auricular  rate,  the  site  of  the  block  is  the  .4  -  V  node,  and  the  block 
occurs  in  this  situation  because  the  refractory  period  of  the  A  -  V  node  is 
relatively  long. 

5.  Atropine  by  depriving  the  heart  of  its  vagal  tone  increases  the 
length  of  the  refractor}'  period,  and  consequently  disturbed  intra-auricular 
conduction  and  disturbed  conduction  at  the  A  -  V  junction,  resulting  from 
increased  rate  of  beating,  are  increased  by  atropine. 

0.  Strophanthin  can  be  demonstrated  to  affect  the  muscle  of  the  dog's 
heart  in  doses  smaller  than  those  usually  emplo}"ed,  if  a  high  rate  of  auricular 
beating  is  maintained. 

7.  The  earhest  action  seen  in  our  experiments  has  been  a  direct  one 
on  tlie  muscle  and  consists  essentia!!}'  in  a  widening  of  the  refractor}'  period. 

8.  This  widening  of  the  refractory  period  decreases  the  gap  between 
its  termination  and  the  succeeding  impulse,  and,  as  a  consequence,  those 
disturbances  of  conduction  which  are  seen  under  simple  acceleration  of  tlie 
auricle  are  manifested  at  lower  rates  when  the  muscle  is  poisoned. 

9.  Strophanthin  in  the  doses  employed  does  not  alter  the  rate  at  which 
the  fibres  conduct  their  impulses  ;  the  conduction  disturbances  which  are 
witnessed  are  of  a  distinctive  kind  and  depend  upon  the  relation  of  the 
impulse  to  the  foregoing  refractory  period.  The  disturbances  are  dependent 
therefore  not  only  upon  strophanthin  poisoning  l)ut  upon  the  rate  at  whicli 
the  muscle  is  responding. 
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10.  It  sei'ms  probable  that  when  strophantliin  and  other  members 
of  the  digitalis  series  block  (by  direct  action  on  the  muscle)  the  impulses  of  a 
fluttering  or  fibrillating  auricle  from  passing  to  the  ventricle,  they  do  so,  in 
part  at  least,  l>y  prolonging  the  refractory  period  of  the  auriculo-ventricular 
node. 

11.  In  the  later  stages  of  strophanthin  poisoning  in  dogs  a  condition 
of  intra-auricular  block  is  developed.  This  is  also  a  refractory  period  effect  ; 
the  refractory  jaeriod  appearing  to  vary  in  different  parts  of  the  muscle, 
rendering  some  parts  irresponsive  while  other  parts  are  capable  of  response 
to  impulses  which  reach  them. 
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h  I  and    J.)      Tliese  two  records  are  similar.      In  eacli  is  a 

/ /,    from  the  stimulating  coil  and  from  the  auricle  direct. 

len  at  a  rate  of  343  per  minute  ;  the  ventricle  is  just  capable 
impulse.  In  this  curve  the  .4-  V  interval  is  a  little  longer 
ventricular  beats.     Fig.  3  is  a  similar  record  taken  a  few 

I    was  fully   under  atropine.     Occasional   responses   of   tho 
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Fis;.   1  ('(-O-       l^o'J  ■'^1  ■"•'■       (Hecunls    4.    :i,    11,  10.   Vi  luul   ij,  respectively.)     Six  curves  from 
lead     /  /.    sbouins.'   the   effects   of    iiu-reased    iiuiicular    rate   and    strophaiitliin    upon     .4-  V 
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tig.  o.  Do<i  M  V.  iU^rnnlir.)  SuViultaneous  curve  from  lead  7  /  and  from  two  direct  leads 
from  tin-  (III  I.  /'  I  urve  from  lead  proximal  to  and  D  =  curve  from  lead  distal  to 
point  rh\  iliiih  ;il!\  -i  innilated.  The  shocks  entered  the  auricular  appendix  and  the  four 
contacts  wnv  m  \\:;-  with  this. 

The  auricle  is  beine  stimulated  at  a  rate  of  392  per  minute  and  responds  to  each  shock, 
but  the  deflections  are  irregular  in  the  proximal  curve.  The  ventricle  fails  to  respond 
occasionally. 
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.  (i.  liiKj  M  V.  ih'econl  2.)  Tho  same,  8  minutes  afler  the  injection  oi  Iho  second 
dose  of  0-06  rag.  of  stropliaixthiii  (total  0-2  mg.)-  The  degree  of  A-  V  lilockluis  incioased 
and  the  distal  ciiive  from  the  tiiiriole  has  now  become  grossly  irregular. 
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.  7.  Doij  .\J  V.  (liccord  IS.)  A  t;ompaiiioii  record  to  that  of  Fi,'.-.  .o,  and  taken  iniiMccliafel 
after  it,  with  the  heart  under  the  influence  of  right  vagal  stimulation.  The  ventricle  i 
at  a  standstill  and  the  original  irregularity  of  the  deflections  of  the  proximal  lead  ha 
disappeared. 
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/*'-,,  .1/  V.  (Hecord  24.)  A  <■ 
II-  rij;!!!  vagal  st inmlation.     Tin 

sciius  to  be  beating  indepenl 
il  luive,  and  the  lessor  grade  i 


.  (i.  The  heart  is  now 
lowered  :  tlie  ventricle 
isiinallv  pivsent  in  the 
shed.  " 


Kig.  !).  Dog  M  V.  (ReconI  SH.)  Sinniltaneous  pxn-ve  from  lead  /  /,  and  direct  leads  frotn  tho 
inferior  vena  caval  (  /.  V.C.)  and  right  appendicular  (App.)  regions  of  the  auricle.  At  a 
later  stage  of  poisoning,  and  showing  temporarj'  and  partial  standstill  of  the  auricle. 
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Fig.  III.  Dog  MO.  {Record  J7.)  Simultaneous  curves  by  direot  lea<Is  from  the  rialit  apiiendix 
ami  inferior  vena  caval  region,  showing  an  advancefl  grade  of  intra -auricular  block  consequent 
upon  injections  of  <=troiihantbin.  Tlif  appendix  is  lieing  stimulated  rhythmically  .it  ii  mi.> 
of  l.SS  ]"er  minute. 
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Fig.    11.      Dog  M  S.       [Record  32.\      Simultaneous.    ,        -  -    ■! 

contacts  placed  in  line  on  the  right  auricular  a|  ;  -• 

and  are  taken  from  an  animal  in  a  relatively  Un-  '-'i" 

section  of  the  vagi.     In  lead   // heart -block  is  m  -  -  vly 

shown.      In  the  cun-es  taken  from  the  auricular  api  emlix  tliere  are  i.o  aurioiilar  aelit-.tions, 
but  ventricular  deflections  only  (compare  with  next  figure). 

Fiff.  12.  Dog  M  S.  (Record  31.)  A  similar  record  from  the  same  animal  and  taken  immediately 
before  that  of  Fig.  11.  The  ventricular  deflections  (r)  of  the  direct  leads  are  here  seen  to  be 
preceded  by  aiu-icular  deflections  (a). 
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OBSERVATIONS    RELATING    TO    THE    ACTION    OF    gUINlDlNE 

UPON  THE  DOG'S  HEART  ;    WITH  SPECIAL  REFERENCE 

TO    ITS    ACTION    ON    CLINICAL    FIBRILLATION    OF 

THE   AURICLES.* 

By  THOMAS  LEWIS,  A.  N.  DRURY,  C.  C.  ILIESCU  and  A.  :\I.  WEDD. 
(  Universiti/  College    Hospital  Medical  School.) 


The  following  experiments  were  undertaken  for  tlie  purpose  of  explaining 
the  action  of  quinidinet  upon  the  maminahan  heart,  and  especially  upon 
the  mammaUan  auricle,  with  a  view  to  ascertaining  the  action  of  this  drug 
in  cases  of  chnical  fibrillation. 

Dogs  of  approximately  10  kilos  body  weight  have  been  fully 
anaesthetised  with  morphia  (003  gram.),  ijaraldehyde  (10  c.c.)  and  ether  and 
prepared  for  observation.  The  right  auricle  is  exposed,  the  heart  being 
slung  in  the  pericarcUum.  Electrodes  are  fastened  to  the  right  fore-limb 
and  left  hind-limb  (lead  /  /)  ;  four  non-polarisable  contacts  are  jjlaced  on 
the  body  of  the  auricle  and  in  hne  with  the  appencUx  and  these  form  a 
proximal  and  chstal  pair  of  electrodes,  each  pair  being  connected  at  will 
to  the  string  galvanometer.  Into  the  tip  of  the  anricidar  appentlix  a  pair 
of  fishhook  electrodes  is  fixed,  through  wliich  break  shocks  may  be  sent 
singly  or  rhythmically  into  the  auricle.  The  records  taken  are  of  several 
lands,  (a)  Thus  curves  from  lead  //,  showing  the  mechanism  of  the  heart 
as  a  whole,  are  taken  in  combination  with  a  curve  from  one  pair  of  the  contacts 
on  the  auricle.  The  combination  is  used  in  studying  the  auricular  and  ven- 
tricular rates  and  the  P-i?  intervals.  Where  heart-block  appears,  the  simul- 
taneous direct  auricular  lead  is  of  value  in  precisely  timjng  the  amicular 
systole,  where  its  beginning  is  obscured  in  lead  //.     The  combination  is 


*  Undertaken  on  behalf  of  tlie  Medical  Research  Council.  A  preliminarj'  account  x)f  these 
obseirations  has  appeared  in  the  British  Medical  Journal,  1921,  n,  515. 

t  Quinidine  sulphate  has  been  emplojed,  being  dissolved  in  normal  saline  and  injected  into 
the  femoral  vein.  'Hie  quinidine  sulphate  employed  contains  17  per  cent,  of  hydroquinidine 
siJphate,  but  is  othenvise  pui'e.  The  same  preparation  has  been  used  in  the  clinical  services, 
and  was  the  ])reparation  u.sed  by  Drury  and  lliescu  in  the  observ-ations  of  their  recent  report 
{Brit.  Med.  Journ.,  1921,  li,  511).  Tlie  comparison  of  clinical  and  ex|ienmental  effects  is 
consequently  imaffected  by  the  impurity  of  this  commercial  preparation.  The  action  of  the 
two  alkaloitls  is  similar  (uiore  recent  observations). 
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used  for  the  spontaneous  heart  beat  and  for  responses  to  a  fixed  rate  of 
rhytliniic  stimulation  ;  these  stimuli,  consisting  of  isolated  break  shocks 
are  thrown  into  the  auricular  appendix  at  a  rate  of  about  200  per  minute. 
(6)  If  the  two  pairs  of  contacts  on  the  auricle  are  connected  to  two  recording 
fibres,  and  the  appendix  is  stimulated  rhythmically,  then  the  records  obtained 
may  be  measured  to  show  the  interval  elapsing  between  the  arrival  of  the 
excitation  wave  at  proximal  and  distal  pairs  (the  distance  separating  the.se 
being  uniformly  8  millimetres)  and  tliis  interval  (inter-intrinsic  interval  of 
Table  I)  is  an  index  of  conduction  in  the  auricular  muscle,  (c)  A  single 
direct  curve  is  inscribed  .simultaneously  with  a  record  of  rhythmic  break 
and  occasional  make  and  break  shocks,  the  recording  current  being  derived 
directly  from  the  primary  circuits  of  the  inductoria.  in  the  manner  fully 
described  in  an  earher  paper.*  This  combination  is  used  in  estimating  the 
absolute  refractory  period  of  the  muscle. 

A  complete  series  of  records  is  taken  before  quinidine  is  given  and  is 
repeated  one  or  more  times  after  each  injection  of  the  drug.  We  have 
examined  a  series  of  atropinised  and  a  series  of  unatropinised  animals  ;  in 
the  latter  the  refractory  periods  have  not  been  observed,  being  in  these 
circumstances  unreliable. 

The  observations  under  quinidine  have  been  begun  about  5  to  6  minutes 
after  each  injection  ;  the  idea  being  to  allow  the  fuU  action  to  be  disjilaj-ed. 
A  series  of  observations,  omitting  onty  the  refractory  period,  occupies 
usually  2  minutes  ;  if  the  refractory  period  is  also  estimated  an  extra  5  to 
10  minutes  must  be  allowed. 

As  the  full  action  of  a  dose  is  not  at  once  reached,  and  as  recovery  is 
usually  not  long  delayed,  the  times  of  the  separate  observations  are  of 
consequence.  These  are  stated  in  a  column  of  our  tables  (Table  I  and  II) 
as  are  also  the  numbers  of  the  plates.  These  tables  are  in  reaUty  tabulated 
protocols  of  our  experiments  ;  as  protocols,  Table  I  and  II  are  however 
incomplete  ;  other  observations  were  undertaken  and  will  be  found  in  the 
remaining  tables  of  this  article.  From  the  tables  as  a  whole  the  complete 
protocols  may  be  reconstructed  if  this  is  desired. 

Four  experiments  are  illustrated  in  Table  I ;  these  dogs  were 
unatrojiinised.  In  the  case  of  Dog  NM,  as  a  preUminary,  three  plates  were 
taken  (Records  1,  2  and  3),  and  from  these  the  natural  rate  of  the  heart  beat 
and  its  associated  P-R  interval,  the  rate  of  rhythmic  stimulation  (i.e.  195) 
and  its  associated  P-R  interval,  and  auricular  conduction  (inter-intrinsic 
interval)  are  measured,  as  is  also  the  length  of  the  Q.R.S.  group  of 
deflections.  The  threshold  for  rh3'thmic  break  shocks  at  the  same  rate  of 
stimulation  is  stated  in  the  last  column.  These  observations  occupied 
altogether  6  minutes  (11°10'  to  11°16').*  At  11°24'  01  gramme  of  quinicUne 
was  injected,  and  the  series  of  observations  detailed  above  was  repeated 

*  Observations  upon  the  vagus  (Records  i  to  7)  are  omitted  at  this  point  in  the  table  (see 
Table  V,  D03  N.M.). 
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at  1  r  2S'  to  30',  at  11  "'40'  to  48',  etc.  This  description  sufficiently  illustrates 
the  arrangement  of  our  tables.  Table  II,  comprises  observations  on  four 
atropinised  dogs  and  is  similarly  arranged,  except  that  the  refractory  period 
of  the  auricle  has  been  added.  The  effects  of  the  quinidine  injections*  may 
be  .separately  considered. 

Effect  on  ^ino-aurkulnr  rhythm.  The  effect  is  practically  constant. 
The  rate  is  retarded.  Starting  as  high  as  135  to  190  beats  per  minute  it  is 
usually  lowered  considerably  by  the  first  injection  ;  while  the  retardation 
may  occasionally  be  sUght  it  more  usually  amounts  to  30,  40,  or  80  beats 
per  minute.  If  a  sufficient  time  elapses  before  a  second  injection,  there 
may  be  some  recovery  of  rate  ;  this  recovery  begins  normally  about  a 
iialf-hour  after  the  injection.  A  second  dose  produces  a  further  lowering, 
and  after  repeated  doses  such  rates  as  60  to  SO  beats  per  minute  are  often 
seen.  These  effects  are  in  general  similar  in  the  atropinised  and  unatropinised 
heart,  and  are  ascribed  therefore  to  a  direct  action  on  the  muscle.  Our 
obsei"vations  are  confirmatorj-  of  those  obtained  by  Schott^'-  upon  guinea 
pigsf  and  by  Hecht  and  Rothberger,^  using  quinidine  upon  the  dog. 
Hoffmann.^  who  employed  the  excised  and  perfused  dog's  heart,  noticed  httle 
change  of  rate,  but  Boden  and  Neukircli.^  working  with  the  perfused  Iieart 
of  rabbits  and  human  foetuses,  saw  slowing. 

Effect  on  A-  V  conduction.  Schott  and  Hecht  and  Rothberger  have 
observed  depressed  A-  V  conduction  under  quinidine  and  quinine, 
res])ectively  ;  we  also  find  a  conspicuous  effect  under  quinidine.  A 
lengthened  P-R  interval  is  constantly  manifested,  even  wlien  the  heart  is 
allowed  to  beat  naturallj-,  but  is  best  displayed  and  the  measurements 
are  more  comparable  when  a  uniform  rate  of  beating  (circa  200)  is  maintained. 
In  the  last  circumstances  dropped  beats  of  the  ventricle  occm-  after  total 
doses  of  Ol.")  to  0-3  gramme  have  been  given.  It  is  to  be  stressed  that  the 
lengthened  intervals  are  seen  after  each  injection,  whether  the  auricle  is 
resijonding  to  a  high  rate  of  rhythmic  shocks,  or  whether  it  is  beating  more 
slowly  in  response  to  its  inherent  impulses.  The  appearance  of  block,  or 
the  increase  of  pre-existing  block,  seems  to  take  place  irrespective  of  the 
rate  of  the  auricle,  though  naturally  the  degree  of  block  is  greater  when 
tlie  auricle  is  l)eating  rajjidly.  Recovery-  of  the  A-  V  conduction  is  simul- 
taneous with  recover}'  in  the  rate  of  the  /S-  .4  rhythm. 

Both  in  respect  of  the  S-  A  rhythm  and  of  ^4-  V  conduction,  the  heiglit 
of  the  reaction  is  usually  reached  some  two  or  three  minutes  after  tlie  actual 
injection,  though  occasionally  it  is  delayed  for  a  longer  while  (see  Table  V. 
/%.s  A'A'and  .YL). 


*  01  prramme  of  quinidine  sulphate  wa^ 
t  Tliough  liis  closes  far  exceeded  ours. 
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Inler-inlrinsic  intervals.  These  intervals,  measured  in  tlie  curves  from 
contacts  wliich  remain  stationary  throughout  the  experiment,  are  used  as  an 
index  of  conduction  in  tlie  auricle.  The  intervals  tabulated  (Tables  I  and  II) 
for  any  given  experiment  apj)ly  to  the  auricle  driven  at  a  constant  rate 
(circa  200).  The  quinichne  injections  invariably  raise  these  intervals 
whether  the  auricle  is  atropinised  or  not.  A  rise  of  as  much  as  50  or  even 
100  per  cent,  may  occur  at  the  first  injection  of  01  gramme  of  the  drug. 
Repeated  injections  increase  tliis  rise,  though  it  rarely  surjiasses  100  jjcr  cent, 
altogether,  and  eventually  the  auricular  curves  become  very  irregular  ; 
this  irregularity  we  ascribe  to  the  presence  of  intra-auricular  block. 
Progressive  increase  of  the  auricular  conduction  defect,  and  recovery,  take 
place  hand  in  hand  \rith  similar  changes  in  auriculo-ventricular  conduction. 
These  changes  in  auricular  conduction  are  described  for  the  first  time, 
and  this  action  of  the  drug  is  one  of  pecuHar  interest  to  therapeutics.  Apart 
from  noting  that  it  is  a  direct  action  on  the  muscle,  its  discussion  will  be 
reserved  to  a  later  stage  of  this  article,  as  will  also  the  nature  of  the  dis- 
tiu-bance. 

Changes  in  the  ventricidar  electrocardiogram  (lead  //).  In  a  number  of 
animals  the  length  of  the  Q.R.S.  group  of  deflections  has  been  measured  ; 
the  values  obtained  may  be  regarded  as  giving  indices  of  intra-ventricular 
conduction,  for  the  duration  of  the  Q.R.S.  group  of  deflections  is  a  sufficiently 
close  measure  of  the  time  taken  for  the  excitation  wave  to  spread  throughout 
the  ventricle.  With  quinidine  these  deflections  are  invariably  lengthened, 
as  our  tables  show,  and,  generally  speaking,  the  values  rise  and  fall  hand 
in  hand  with  the  PR  values  and  the  auricular  conduction  intervals.  The 
rise  in  the  values  of  the  Q.R.S.  group  is  about  20  or  30  per  cent,  after  single 
doses  of  01  gramme  of  quinidine  ;  with  repeated  doses  it  rises  50  to  70  per 
cent,  above  its  original  value.  Thus  the  measures  of  conduction  in  auricle, 
ventricle  and  at  A-  V  conduction,  show  that  quinidine  exerts  a  seemingly 
uniform  effect  on  the  power  of  the  several  structures  concerned  in 
conduction. 

So  far  as  the  direction  and  amplitudes  of  ventricular  deflections  are 
concerned,  the  chief  change  is  in  the  end  deflection  T.  Like  Hecht  and 
Rothberger^  and  Schott,^-  we  notice  usually  an  increase  in  the  amplitude 
of  T  when  the  heart  is  allowed  to  beat  naturally.  That  this  is  not  an 
effect  of  changed  heart  rate  is  shown  by  the  curves  taken  from  the  heart 
beating  at  a  constant  rate  (circa  200).  In  these  the  changes  in  T  are  more 
conspicuous  (see  Fig.  1).  Thus  of  five  animals,  in  one,  a  T  deflection, 
originally  inverted,  became  upright  and  increased  in  amplitude  ;  in  three 
animals  in  which  T  was  originallj-  upright,  it  grew  in  height  progressively. 
In  one  animal  only  (Dog  N  H)  an  originally  inverted  T  was  not  influenced 
appreciably.  There  is  no  difference  in  the  action  according  to  whether  the 
animal  is  atroiiinised  or  not. 
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Absolute  refractory  period  and  threshold  of  excitability.  Hoffmann^ 
states  that  the  excitabiUty  of  the  auricle  is  much  reduced  by  quinidine. 
He  bases  this  statement  upon  his  observation  that  it  reacts  less  readilj-  to 
induced  shocks,  and  because  he  is  unable,  subsequent  to  perfusion  of  the 
heart  \\\i\\  quinidine,  to  throw  the  auricle  into  a  state  of  fibrillation  by 
means  of  the  faradic  current.  These  observations  had  been  made  previously 
by  Hecht  and  Rothberger,  working  with  the  intact  dog.  We  are  able  to 
confirm  these  workers  in  their  conclusions.  Hecht  and  Rothberger  have 
also  seen  long  lasting  fibrillation  of  the  auricles  promptly  terminated  in 
the  dog  by  the  drug,  an  observation  which  confirms  what  is  now  the  well- 
known  clinical  action  of  the  drug.  We  have  also  seen  the  same  effect, 
fibrillation  of  the  dog's  auricle  being  almost  at  once  abolished  after  it  had 
persisted  for  thirty-five  minutes.  Hecht  and  Rothberger  attribute  these 
effects  to  diminished  excitability. 

To  test  the  excitability  of  the  auricle  under  quinidine  we  have  used 
rhythmic  shocks  at  a  fixed  rate,  noting  the  distance  at  which  the  secondary 
coil  must  be  placed  from  the  primary  for  the  heart  to  respond.  The 
threshold  value  for  cycles  of  a  given  length  (auricular  rate  circa  200)  is 
ascertained.  It  seems  to  be  invariable  that  this  threshold  value  of  the 
exciting  current  is  raised  bj'  quinidine  injections  ;  usually  this  effect  goes 
hand  in  hand  with  the  other  actions  of  the  drug.  When  recovery  is 
noted  in  the  rate  of  the  S-  A  rhythm  and  in  ^4-  T'  conduction,  there  is  a 
lessening  of  the  threshold  value  (expressed  in  our  table  as  a  greater  distance 
between  the  two  coils)  ;  there  are,  however,  minor  exceptions  to  this  rule. 

There  appears  to  have  been  no  attempt  on  the  part  of  the  workers 
cited  to  anah'se  what  thej'  term  lowered  excitabiUty.  We  have  turned 
our  attention  to  one  factor,  namely,  the  length  of  the  absolute  refractory 
l)eriod.  These  have  been  taken  by  the  method  described  in  a  previous 
article*  and  are  probably  accurate  within  a  few  thousandths  of  a  second. 
Thej'  apply  to  auricular  rates  of  fixed  value  (circa  200  per  minute).  Our 
findings  are  given  in  the  last  column  but  one  of  Table  II,  and  the  times  at 
which  they  were  obtained  are  given  immediately  below  each  value. 

The  length  of  the  refractory  period  at  various  stages  of  quinidine 
poisoning  seemed  of  such  theoretical  consequence  that  no  pains  have  been 
spared  in  testing  it.  The  observations  are  confined  to  atropinised  dogs, 
for  in  these  only  do  the  values  accurately  express  the  changes.  The 
complete  measurements,  from  which  these  values  of  Table  II  are  compiled 
are  given  in  Table  III.  Table  III  contains  also  the  results  in  two  prehminary 
experiments.  The  testing  shocks,  used  in  all  these  experiments  were 
exclusively  break  shocks.  In  the  first  three  experiments  we  were  content  to 
note  the  threshold  point  of  this  testing  coil  and  to  raise  the  strength  of  the 
shocks  considerabh'  when  using  it  to  estimate  the  refractory  period.  In 
later  experiments  the  threshold  point  of  the  coil  was  tested  before  each 
series  of  observations  upon  refractory  period  was  undertaken,  and  when 
considered  advisable  the  strength  of  the  testing  shocks  was  raised,  so  that 
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it  always  lay  very  greatly  above  threshold  value.  In  the  last  three 
experiments  (Dogs  N  H,  N  I  and  A'  J)  observations  upon  the  refractory 
period  were  made  at  the  same  stage  of  qiiinitUne  poisoning,  with  the 
secondarj'  coil  at  two  points,  both  of  which  should,  in  our  opinion,  give 
the  time  value  of  the  absolute  period,  and  which  actually  proved  to  do  so. 
Thus  full  precautions  have  been  taken  to  obtain  a  measure  of  the  absolute 
period,  rather  than  of  a  period  ending  at  some  indefinite  point  in  the 
phase  of  the  relative  refractoriness.  \^  hen  the  coil  has  been  used  at  two 
points  (in  the  three  experiments  named)  the  estimated  values  of  the 
absolute  refractory  period  have  been  sufficiently  close  together.  In  one 
experiment  onlj'  (Dog  N  I)  was  there  a  falfing  off  of  value  when  the  strength 
of  the  shocks  was  raised  (the  value  being  0165  with  the  coil  at  6  cm.,  and 
01 48  when  it  was  at  2  cm.).  This  reduction  of  refractory  period  is  to  be 
attributed  to  an  actual  change  in  the  condition  of  the  muscle  :  it  was 
recovering,  as  the  simultaneous  rise  of  S- A  rate  and  reduction  of  P-B 
interval  (see  Table  II)  clearh'  indicated. 

Reviewing  the  values  of  Table  IT.it  is  apparent  that  quinidine  in  the 
doses  employed  lengthens  the  absolute  refractory  period  considerably.* 
The  total  rise  varies  between  50  and  100  per  cent.,  the  longest  value  seen 
being  0193  of  a  second.  In  so  far  as  may  be  judged,  the  change  happens 
pa7i  passu  with  the  remaining  manifestations.  When  the  values  of  the 
refractorj^  periods  and  the  threshold  values  at  the  end  of  the  cycles  during 
rhythmic  stimulation  are  compared,  it  seems  to  us  that  the  greater 
part,  if  not  the  whole  of  the  changed  excitabihtj'  in  the  auricle  under 
quinidine,  may  be  attributed  to  the  lengthening  of  the  refractory  period, 
for  the  rise  in  the  threshold  values  is  relativeh'  slight.  It  does  not  .seem  as 
though  quinidine  materially  affects  the  rate  at  which  excitabifity  recovers. 
The  significance  of  tliis  rise  in  the  refractory  jieriod  from  the  standpoint 
of  auricular  fibrillation  and  its  treatment  with  quinidine  is  deferred  for 
cUscussion  at  the  end  of  tliis  article. 


*  A  lengthening  of  the  refractorj-  period  under  quinidine  lias  been   sunnised   by 
writers,  but  the  basis  of  the  supposition  is  not  fiJly  apparent  to  us. 
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TABLE  111. 

Refractory  period  before  and  after  quiiiidine  sulphate.     {Alropinised  auricle.) 

TeMed  by  means  of  break  shocks. 


Dog 

V  C  (kilo  9o). 

Dog  ^ 

'  F  (kUo 

12-5). 

Dr.g  y 

•  G  (kilo  9-75). 

~ 

.\fter  (g 

r.  total) 

After  (gr.  total) 

After  (grammes  total) 

Before 

Before 

Before 



005 

005 

010 

0-20 

010 

0-20 

0-20 

0-25 

Auricu- 
lar rate 

206 

210 

210 

186 

186 

186 

202 

203 

207 

230 

200 

0-306 
0-223 

0-244 
0-205 
0-199 

0168 

0-194 

0145 

0216 

0-191 

0-237 

0-157 

0165 

0-208 

013o 

0-214 

0-253 

0-180 

0-228 

0-152 

0-160 

0-195 

01 34 

0214 

0-236 

0176 

0-214 

0-143 

0-160 

0182 

0-224 

0-212 

0119 

0-208 

0-234 

0186 

0-174 

0-213 

0  141 

0146 

0179 

0-206 

0-207 

0114 

0208 

0-224 

0-166 

0-165 

0-212 

0-132 

0145 

0-173 

0-197 

0-203 

R.P. 

01 09 

0-199 

0-215 

0-159 

0160 

0-212 

0131 

0-140 

0162 

0-188 

0-201 

0104 

0186 

0205 

0153 

0144 

0191 

0133 

0120 

0157 

0183 

0186 

0101 

0185 

0192 

0122 

0111 

0  186 

0118 

0  112 

0  120 

0166 

0178 

0096 

0  176 

0  083 

0177 

0  112 

0  109 

0092 

0161 

0174 

0  092 

0159 

0175 

0  109 

0  099 

0084 

0152 

0166 

0079 

0157 

0169 

0  108 

0145 

0079 

0144 

0160 

0100 

0065 

0  138 

0098 
0  088 
0082 

CoU  at 

8  cm.* 

8  on. 

8  em. 

1cm. 

1cm. 

1cm. 

6  era. 

6  cm. 

6  em. 

6  cm. 

6  cm. 

Thresh- 

1 :!■."". 

old  at 

13cm. 

1  :!.„,. 

o.n. 

- 

- 

- 

Dog  NH  (kilo  17 

-3). 

Dog 

NI  (kilo  12-2). 

Dog  NJ  (kilo 

10-5). 

After  (grammes  total) 

After  (grammes  total ) 

After  (grammes  total) 

Before 

Before 

015 

0-25 

0-25 

010 

0-20 

0-20 

0-10 

0-20 

0-20 

0-30 

larrats,    ~^^ 

212 

204 

204 

186 

187 

188 

188 

223 

235 

238 

236 

212 

0-212 
0193 

0-188 

0-224 

0-180 

0-187 

0199 

0172 

0185 

0-208 

0166 

0179 

0-196 

0136 

0-149 

0-179 

0-183 

0-198 

0147 

0181 

0173 

0195 

0-124 

0-147 

0-210 

0-185 

0-170 

0-178 

0-181 

0-197 

0-147 

01 74 

0-171 

0-192 

0-123 

0-143 

0-194 

0-184 

0-148 

0169 

0-176 

0-192 

0132 

0164 

0-163 

0-182 

0-102 

0  142 

0-179 

0-161 

0-126 

0-148 

0-168 

0  175 

0-191 

01 30 

0  1. 54 

0161 

0161 

0098 

0139 

0-175 

0156 

0-124 

0144 

0167 

0-171 

0-187 

0119 

01 49 

0158 

0161 

0096 

0  137 

0-172 

0-155 

0121 

0-133 

0-166 

0164 

0-182 

R.P. 

0-U2 

0  143 

Hi.-,;i 

iiim 

0133 

0-171 

0-150 

0119 

0-132 

0-165 

0-163 

01 67 

0109 

0140 

0144 

0142 

0077 

0  115 

0159 

0146 

moo 

0121 

0  156 

0149 

0157 

0101 

0135 

0139 

0133 

0070 

0114 

0149 

0145 

0  075 

0105 

0  149 

0147 

0153 

0100 

0135 

0133 

0112 

0137 

0143 

0068 

0104 

0  144 

0136 

0  148 

0097 

0130 

0114 

0101 

0118 

0141 

0059 

0139 

0130 

0132 

0094 

0122 

0100 

0110 

0131 

0137 

0125 

0083 

0117 

0119 

0081 

0099 

0073 

4  cm. 

4  cm. 

2  cm. 

4  cm. 

CoU  at 

6  em. 

6  cm. 

4  cm. 

1cm. 

6  em. 

6  cm. 

6  cm. 

2  cm. 

2  cm. 

Tliresh- 

13-5 

— 

7-5 

7-5 

19 

15-2 

14-2 

14-2 

9-7 

12-5 

9-5 

9-5 

11-7 

old  at 

cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

*  Tlie  secondary  coil  begins  to  cover  the  primary  coil  at  90  cm. 

XoTE. — Tlie  times  at  wliich  quinidine  was  given  and  at  which  the  refractory-  periotls  were 
obser\-ed  may  be  foimd  by  consulting  Table  II. 
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Re'iponse  of  the  re))l)icle  inider  rari/iiu/  auricular  rates. 

It  is  well  known  that  when  the  auricular  rate  is  raised  to  a  sufficient 
level  the  ventricle  fails  to  respond  regularly  to  all  the  auricular  contractions. 
U'hcn  this  happens,  a  rise  of  auricular  rate  is  accompanied  by  a  fall  of 
ventricular  rate.  It  is  also  known  that  many  influences  which  tend  to 
produce  chronic  A-  V  block  enhance  this  effect  and  prolong  its  manifestation 
over  a  longer  scale  of  rising  rate.  Thus,  if  in  asphyxial  block  or  in  heart 
block  by  compression,  the  auricle  is  driven  to  a  high  rate  of  beating,  a  very 
advanced  grade  of  block  and  a  consequent  and  considerable  fall  of  ven- 
tricular rate  frequently  occurs.  The  A-  V  block  produced  by  quinidine  is 
no  exception  to  the  general  rule.  When  in  patients  the  auricles  are 
fibrillating  and  quinidine  is  administered,  the  rate  of  auricular  beating 
falls  materially ;  meanwhile  the  ventricular  rate  rises.  The  rise  in 
ventricular  rate  is  in  part  attributable  to  the  fall  in  auricular  rate.*  The 
observation  is  not  remarkable  ;  on  the  contrary,  this  reaction  is  anticipated 
from  exijerience  of  other  varieties  of  A-  V  block.  On  occasion,  however, 
under  quinidine,  the  relation  of  block  to  auricular  rate  is  an  exaggerated  one  ; 
and  this  fact  appears  to  us  worthy  of  special  note.  A  shght  rise  of  auricular 
rate  may  produce  long  standstill  of  the  ventricle.  The  most  conspicuous 
instance  of  this  phenomenon  which  we  have  M-itne.ssed  is  illustrated  in  the 
accompanying  table,  which  summarises  the  effects  of  varying  the  rate  of 
auricular  beating  between  200  and  267  per  minute.  At  the  former  rate  and 
under  a  total  dose  of  0-25  gramme  of  quinidine,  the  ventricle  responded 
at  half  rate  ;  a  rise  of  auricular  rate  to  250  or  260  per  minute  was  repeatedly 
accompanied   by  standstill  of  the  ventricle. 


T.VRLK  w. 
A    r  conthiclion  at  iliffrrenl  auricular  rates  under  quiniili, 

Do,,  X  H    (kilo  17-3).     Total  ciuinidine  sulphate  0-25  g 

Rate.  A-  V  conduction. 

267  Standstill  of  ventricle. 

247  8:  1,   G  :  1,   4  :  1    block. 

22.5  Ventricular  rate  112  ;   2:1  lilock. 

2.57  3  :  1   block. 

2.5(1  Standstill  of  ventricle. 

2(111  Wutricular  rate   10(1;   2:  1    l.li.ck. 

\  second  factor  will  be  noted  at  a  somewhat  later  stage. 
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Action  of  quinidine  upon  the  vagi. 

Quinitline  has  a  very  distinct  and  invariable  action  upon  the  vagi. 
If  tlie  nerve  is  stimulated  subsequent  to  injections  of  the  alkaloid,  the 
customary  action  is  found  to  be  reduced  or  abohshed. 

In  estimating  the  effects  of  quinidine  upon  the  vagus  we  have  used 
as  indices  two  inhibitory  reactions,  namely,  the  power  of  the  vagus  to  depress 
conduction  from  auricle  to  ventricle,  and  its  power  to  reduce  the  rate  of 
the  sino-auricidar  rhythm.  The  procedure  has  been  as  follows  : — The  heart 
beats  are  recorded  from  a  Umb  lead  (lead  //)  and  a  simultaneous  curve  is  taken 
directly  from  the  auricular  surface.  In  testing  the  effect  of  faradising  the 
vagus  upon  .4-  V  conduction,  the  auricle  is  driven  at  a  constant  speed 
of  about  200  per  minute  by  means  of  rhythmic  lireak  shocks  ;  if  the  heart  is 
permitted  to  control  its  own  rate  of  beating  the  degree  of  the  reaction  is 
materially  influenced  by  slo^\-ing  of  this  rate  under  quinidine  and  by  the  vagus 
and  an  accurate  comparison  of  the  drug's  effects  on  the  vagus  is  not  possible. 
Before  the  administration  of  the  alkaloid,  control  curves  are  taken  to  observe 
the  degree  of  block  produced  at  a  given  strength  of  stimulation.  The 
strength  of  stimulation  used  is  one  which  will  produce  a  conspicuous  reaction 
upon  the  heart  wliile  it  is  uninfluenced  by  the  drug.  The  vagi  are  cleaned 
throughout  their  length  in  the  neck  and  stimulated  as  high  up  as  possible. 
In  most  of  our  experiments  control  curves  of  the  reaction  of  the  sino-auricular 
rhythm  to  vagal  stimulation  have  also  been  taken.  For  the  latter  effect  we 
note  the  degree  of  auricidar  slowing  :  for  the  former  we  note  the  degree  of 
block  produced  at  the  A-  V  junction  and  express  it  in  our  tables  as  a  ratio 
between  the  rate  of  auricidar  and  ventricular  beating  (3  :  1  block.  2  :  1  block, 
etc.)  for  successive  cycles,  or  in  the  case  of  1  :  1  response  being  maintained, 
by  inserting  the  values  of  the  P-B  intervals  before  and  during  stimulation. 
In  expressing  these  P-R  values  we  have  been  at  much  pains  to  ensure 
relative  accuracy,  using  the  system  of  measurement  previously  described  ; 
in  cases  of  doubt  we  refer  to  the  curve  taken  cUrect  from  the  auricle. 

Our  tables  comjirise  observations  upon  eight  animals.*  In  the  first 
{Dog  X K)  the  action  of  the  vagus  upon  A-  V  conduction  was  alone  tested. 
Before  the  administration  of  quinidine,  stimulation  of  both  right  and  left 
vagus  yielded  a  loigh  grade  of  partial  block  between  auricle  and  ventricle. 
The  vagi  were  repeatedly  stimulated  10  minutes  after  the  injection  of  01 
gramme  of  quinidine  sulphate,  and  they  were  now  foimd  to  exert  Uttle  or  no 
influence  upon  A-  V  conduction,  even  when  the  strength  of  stimulation  was 
increased. 

In  the  second  experiment  {Dog  X  L)  the  procedui'e  was  similar,  but  the 
observations  were  more  extensive.  Five  minutes  after  the  first  injection 
(0-1  gramme)  the  effect  of  vagal  stimulation  was  foimd  to  be  conspicuously 

*  The  tables  are  built  up  from  actual  records,  but  it  has  been  our  general  habit  to  stimulate 
the  vagus  and  observe  the  effects  and  to  re-stimulate  and  record  the  changes.  Thus  the  gross 
changes  were  observed  in  duplicate. 
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loiliucd  Ihouj^h  not  abolislicd.  A  little  later  distinct  recovery  was  noted 
and  a  second  and  similar  injection  was  given.  Witliin  two  minutes  of  the 
second  injection  the  effect  of  the  vagi  on  A- V  conduction  was  found  to  be 
almost  abolished,  the  only  change  being  a  sUght  and  very  temporary  rise 
in  the  lengths  of  the  P-R  intervals.  During  the  next  hour  (between  12 
o'clock  and  1°I2')  recovery  was  conspicuous;  during  tliis  period  we  noted 
for  the  first  time  a  paradoxical  effect,  namely,  a  decrease  in  the  grade  of 
l)lock  during  and  consequent  ujjon  vagal  stimulation.  Thus,  in  Record  23, 
a  stable  condition  of  1:1,  2:1  response  is  seen  to  pass  into  one  in  which 
the  ventricle  responds  regularly  to  each  auricular  sj^stole.  At  1°30',  recovery 
being  almost  complete,  a  third  dose  (005  gramme)  was  administered. 
This  dose  induced  irregular  response  of  the  ventricle  while  the  auricle  w^as 
driven  rhj^thmically  at  a  rate  of  185  per  minute.  One  minute  later  no  effect 
of  vagal  stimulation  on  A-  V  conduction  could  be  detected.  At  1°47|'  we 
tested  the  effect  of  right  vagal  stimulation  upon  the  natural  sino-auricular 
rhythm  and  observed  a  slight  but  definite  slowing  of  the  heart.  A  half 
minute  later  the  right  vagus  was  observed  to  decrease  the  degree  of  A-  V 
block  prevaiUng.  During  the  remainder  of  the  exj)erimeut  the  right  vagus 
partially  recovered  its  usual  influence  on    A-  V  conduction. 

In  the  third  experiment  [Dog  N  M)  the  effects  on  A-  V  conduction  were 
alone  studied.  A  minute  after  the  first  dose  of  quinidine  the  vagal  effect 
on  conduction  was  almost  abolished  (Records  6  and  7).  A  little  later 
(Records  13  to  16)  we  observed  an  exceptional  reaction.  During  stimulation 
conduction  was  uninfluenced  ;  but  immediately  at  the  cessation  of  stimulation 
a  liigli  grade  of  block  developed.  This  observation,  other\\ise  standing  by 
itself,  was  obtained  repeatedly.  After  a  second  dose  of  quinidine,  the  right 
nerve  gave  no  reaction,  the  left  nerve  ajipeared  to  j-ield  a  shght  paradoxical 
effect. 

In  the  remaining  five  experiments  the  effects  of  vagal  stimulation  ui)on 
A-  V  conduction  and  also  upon  the  sino-auricular  rhythm  were  investigated 
before  quinidine  was  given.  These  experiments  are  in  the  main  confirmatory 
of  those  already  described  ;  it  will  be  sufficient  perhaps  to  draw  attention 
to  special  features  of  the  corresponding  tables.  In  the  fourth  exj^eriment, 
during  the  control  stage,  right  and  left  vagal  stimulation  [Dog  NN,  Records 
8  and  9)  repeatedly  gave  rapid  re-excitation  of  the  auricle  ;  tliis  was  not  seen 
after  the  first  dose  of  quinidine  had  been  given.  After  the  first  injection 
the  left  vagus  exerted  an  effect  on  the  sino-auricular  rate,  which  was  only 
just  recognisable  (Records  16  and  27).  After  the  second  injection  this  vagus 
exerted  no  action  (Record  37). 

The  fifth  experiment  [Dog  N  O)  illustrates  pai'tial  recovery  of  the  nerves. 
It  also  illustrates  the  paradoxical  reaction,  namely,  a  reduction  in  the 
degree  of  block  at  the  A-  V  junction  (Record  79),  although  at  this  stage  of 
the  experiment  stimulation  of  the  same  nerve  gave  a  sUght  but  appreciable 
inhibiting  effect  upon  the  sino-auricular  rhvthm. 
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111  the  eighth  experiment  (Records  45  and  46,  Dog  N  Q),  the 
paradoxical  effect  was  also  seen,  though  it  was  but  trifling,  the  P-R  interval 
faUing  away  by  a  few  thousandths  of  a  second.  The  last  observations  are 
to  be  emphasised  more  because  they  show  clearly  that  while  the  vagi  were 
incapable  of  depressing  conduction  at  the  A-  V  junction  at  this  stage  of 
quinidine  poisoning,  they  were  capable  nevertheless  of  exerting  a  very 
decided  influence  in  retarding  the  sino-auricular  rhythm  (Records  44  and  47). 
Similar  observations  (though  here  the  paradoxical  effect  on  A-  V  conduction 
was  unquestionable)  are  found  in  Records  24  to  26,  Dog  X  N. 

Summary  and  discussion  of  effects  on  vagi.  The  most  striking  effect 
of  quinidine  upon  the  vagi  is  its  paretic  action  ;  this  action,  though  not 
uniform  in  degree  from  animal  to  animal,  is  invariable.  It  occurs  when 
doses  of  the  drug  comparable  to  those  used  chnically  are  employed.*  The 
action  follows  almost  immediately  upon  the  injection.  Recovery  begins 
to  occur  sometimes  as  early  as  five  minutes  after  the  injection  ;  it  may  be 
delayed  to  15,  20  or  even  40  minutes.  The  effects  of  the  quinicUne  itself 
upon  A-  V  conduction  can  be  gauged  and  the  rate  of  recovery  can  be 
ascertained  from  the  P-R  intervals  of  Table  V,t  in  cycles  preceding  vagal 
stimulation  ;  the  degree  in  which  the  heart  is  still  poisoned  by  quinidine 
may  also  be  judged,  though  less  accurately,  from  the  rates  of  the  sino- 
auricular  rhythm  at  different  stages  of  the  experiments.  On  comparing 
these  data  with  those  relating  to  the  effects  of  vagal  stimulation,  recovery 
seems  to  be  simultaneous  in  nerve  and  muscle.  But  it  seems  clear  to  us  that 
the  poison  does  not  first  produce  its  full  effect  simultaneously.  The  vagij 
are  paresed  or  paralysed  almost  at  once  after  the  injection  ;  the  full  action 
on  the  muscle  is  often  delaj-ed  by  several  minutes  (see  P-R  intervals  of 
Dog  N  K,  Records  8  to  10  ;  Dog  N  L,  Records  16  to  22  and  45  to  50  ; 
Dog  N3I,  Records  6  to  13,  etc.).  The  vagal  mechanism  appears  to  be 
more  sensitive  to  the  poison  than  is  the  muscle  when  the  drug  is  given  in 
the  doses  which  we  employ. 

We  use  the  term  paralysis  with  some  hesitation,  for  although  the  usual 
action  of  the  nerves  on  A-  V  conduction  is  often  completely  abohshed,  yet 
an  action  upon  the  sino-auricular  rhythm  is  still  displayed  in  most  instances  ; 
only  rarely  does  this  action  completeh'  fail. 

The  difference  in  this  respect,  which  is  in  many  experiments  quite 
emphatic,  requires  explanation.  The  poison  discriminates.  Does  it  dis- 
criminate between  those  sections  of  the  vagal  mechanism  wliich  connect 
with  one  or  other  node  ?    Does  it  discriminate  in  its  action  upon  the  muscle 

*  In  our  dogs  doses  of  005  and  0-1  gramme  are  equivalent  io  doses  of  0-25  to  0-75  gramme  in 
men  of  50  to  75  kilos  body  weight. 

t  Tliese  P-R  inter\'als  were  measured  in  the  preliminary  beats  preceding  vagal  stimulation. 

X  Vilieu  we  speak  of  the  vagi  we  do  not  wish  to  infer  that  it  is  the  nen-e  ti-unk  which  is 
affected  ;  we  have  not  investigated  the  locality  in  which  the  poison  acts,  though  it  is  evident  that 
the  action  described  is  peripheral.  Whether  it  is  in  the  ganglia  or  ner\e  endings  is  a  matter  for 
further  investigation. 
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of  tlie  two  nodes  '.  Or  is  the  ;i])i)arcnl  disiiiininalioii  due  to  llie  maimer  of 
its  disj)lay.  in  the  case  of  the  S-  A  node  as  a  dejiressioa  of  rhythm  and  in 
the  rase  of  the  .1-  I'  node  as  a  depression  of  conducting  power  ?  Both  the 
first  and  second  explanations  appear  to  us  to  be  unlikely,  for  the  two  nodes 
are  homologous  structures  and  are  similarly'  and  richly  sujjplied  bj-  the 
vagi  :  we  shall  continue  our  discussion  upon  the  assumption  that  the  third 
explanation  is  the  correct  one. 

Although  it  may  be  the  rule  that  quinidine  greatly  reduces  nr  aliolishes 
the  power  of  the  vagus  to  depress  conduction  at  the  ^4-  ]'  junction,  there  are 
excejitional  instances  in  which,  after  the  administration  of  quinidine,  vagal 
stimulation  reduces  the  degree  of  block  which  is  manifested  at  this  juncture. 
This  result  of  vagal  stimulation  is  directly  opposed  to  that  invariably 
witnessed  in  the  unpoisoned  dog's  heart.  We  consider  it  unprofitable  to 
discuss  the  possibihty  of  simultaneous  escape  .of  the  stimulating  current  to 
sympathetic  fibres  ;  such  an  action  appeals  to  us  to  be  placed  out  of  court 
by  the  simultaneous  reaction  upon  the  sino-auricular  rhji:hm  and  by  the  fact 
that  reversal  is  seen,  not  when  the  vagi  are  at  the  iieight  of  poisoning,  but 
when  recovery  is  beginning  in  them.  When  the  paradoxical  action  at  the 
A-  V  junction  is  seen,  the  effect  upon  the  sino-auricular  node  is  under  the 
same  condition  definitely  inliibitory.  We  are  therefore  inclined  to  regard 
the  action  upon  A-  V  conduction  as  inhibitory,  though  the  actual  result 
is  an  increased  po\ver  to  conduct.  In  regarding  it  to  be  inliibitory,  however, 
wc  must  remark  that  another  possibihty  is  not  definitely  excluded.  A 
remarkable  reversal  of  the  vagal  action  upon  the  sino-auricular  rhythm  under 
nicotine  and  other  poisons  has  been  described  by  Dale,  Laidlaw  and  Symons." 
These  workers  have  advanced  much  evidence  to  show  that  this  reversal  is 
due  to  accelerator  fibres  belonging  to  the  vagus  (as  opposed  to  sympathetic 
accelerator  fibres  running  with  the  vagus)  :  and  there  are  some  analogies 
between  the  reversal  wdiich  we  obtain  and  that  described  by  them.  A 
paradoxical  inliibitory  effect  on  A-  V  conduction  is  one  which  we  have 
deUberately  sought  in  a  number  of  distinct  experiments  ;  and  the  i:)resent 
examjile  is  capable  of  being  explained  in  the  manner  suggested  by  one  of  us 
recently."  According  to  the  hypothesis  to  which  we  refer,  the  inhibitory 
action  of  the  vagus  displays  itself  in  the  heart  in  two  ways.  On  the  one 
hand,  it  weakens  and  shortens  the  systoUc  process  ;  the  refractory  peiiod 
of  tiie  muscle  is  reduced  and,  as  a  consequence,  the  period  during  which 
recovery  takes  place  is  lengthened.  This  action  of  the  vagus  in  lengthening 
the  period  of  rest  tends  to  increase  the  degree  of  recovery  in  those  processes 
upon  which  the  next  beat  of  the  heart  depends.  On  the  other  hand,  the  vagus 
decreases  the  rate  at  which  recovery  occurs.  There  is  a  conflict  Ijetween 
these  opposing  influences  and  in  the  case  of  A-  V  conduction  it  is  the  last 
wliich  normally  predominates.  But,  as  has  been  shown,  that  is  not  the  case 
where  aui'icular  muscle  is  concerned  ;  in  this  last,  reduction  of  the  refractory 
period  plays  the  more  important  role  and  consequently  tlie  usual  action 
of  the  vagus,  when  it  affects  auricular  conduction  at  all.  is  to  increase  its 
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rate.  It  has  heeii  surmised  tliat.  in  special  cireiim>tanfcs,  tin-  refractory 
period  factor  might  predominate  in  the  case  of  the  junctional  tissues  also  ; 
if  that  is  so  it  would  constitute  an  adecjuate  explanation  of  the  paradoxical 
phenomenon  wliicli  \\c  witness.  It  would  also  explain  why  under  quinidine, 
the  .vagal  effect  on  .4-  V  conduction  is  often  seemingly  abolished,  while 
the  effect  on  the  sino-axn-icular  rhytiim  in  some  measure  remains.  At  the 
.cl-  I'  junction  the  balance  between  the  oppo.sing  influences,  such  as  we 
suppose  to  exist,  is  to  be  regarded  as  a  nice  one  under  c^uinidine,  one  or  other 
influence  slightly  predominates  and  produces  on  one  occasion  depressed, 
on  another  enhanced  conduction,  and  in  yet  another,  the  balance  being 
equal,  no  effect  is  apparent. 

The  ])aretic  effect  of  C[uinidine  upon  the  vagi  must  iiitluence  in  some 
measure  the  general  reaction  of  the  heart  to  quinidine.  In  obser\ang  the 
effects  of  quinidine  upon  the  sino-auricular  rhythm  in  our  experiments  we 
note,  as  other  observers  have  done,  a  profound  slowing  :  this,  as  we  have 
seen,  results  from  a  direct  action  on  the  muscle  ;  paresis  of  the  vagi  might 
be  expected  partially  to  counteract  this  effect  and,  when  given  to  intact 
animals  or  man,  this  counter  influence  is  very  ^jrobably  present ;  in  the 
circumstances  of  oiu-  present  exijeriments  a  counter  influence  is  improbable, 
for  the  natural  vagal  tone  becomes  abolished  early  in  the  experiment  after 
the  o])ening  of  the  })ericardium.  When  quinidine  is  given  to  patients  in 
whom  auricular  fibrillation  is  present  it  is  customary  to  observe  a 
(juickened  action  of  the  ventricle  ;  in  ]iart  tliis  (luickening  may  be  due  to 
paresis  of  the  vagi. 

After-effects  of  rhythmic  simulation  on  S.  A.  rhijihin  under  quinidine. 

If  in  dogs,  in  which  the  vagi  are  cut,  the  auricles  are  rhythmically  stimu- 
lated at  a  liigh  rate,  on  terminating  the  rhythmic  stimuli  the  normal  <S'-  ^4 
rhymth  is  at  once  restored.  For  a  few  cycles  tliis  restored  rhythm  may  be  very 
slightly  faster  than  before  rhythmic  stimulation  or  the  two  rates  may  be 
identical.  Exceptionally  and  when  the  heart  is  in  poor  condition  a  slower 
rhythm  of  development  may  be  seen,  the  S-  A  rate  ri-sing  to  its  former  value 
shortly  after  the  end  of  rhj'thmic  stimulation. i'  In  similar  circumstances, 
and  under  quinidine,  a  slower  action  of  the  jS-  ^4  rhythm  when  rhythmic 
stimulation  ceases  is  the  rule.  The  accompanying  table  sufficiently  illustrates 
the  chief  manifestations.  Sometimes  there  is  a  gradual  increase  of  rate  for 
several  cycles  and  until  the  original  rate  of  beating  is  resumed  ;  sometimes 
the  first  cycle  of  the  restored  rhythm  is  alone  lengthened.  The  first  cycle 
is  always  the  longest,  and  it  may  be  so  long  as  to  constitute  standstill  of  the 
whole  heart  ;  in  these  circumstances  the  pause  resembles  that  seen  when 
an  idio-ventricidar  rhythm  is  interrupted  temporarily  by  ra^iid  rhythmic 
shocks  apphed  to  the  ventricle.  In  the  ventricle  this  phenomenon  has  been 
ascribed  by  Cushny^  to  fatigue  of  the  ventricular  pacemaker.  Presumably 
it  is  of  similar  origin  in  the  auricle  poisoned  by  quinidine  ;  it  seems  important 
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to  note,  however,  that  it  is  not  a  normal  reaction,  but  seems  pecuUar  to  an 
S-  A  node  damaged  by  poison,  or  in  some  other  way. 

A  similar  slowing,  or  fiom  time  to  time  actual  short  standstill  of  the 
heart,  may  be  anticipated  in  cases  of  auricular  fibrillation,  treated  with 
quinidine,  immediately  at  the  restoration  of  the  normal  rh\tlim.  Cliiucal 
records  of  the  actual  change  have  not  as  j-et  been  taken. 

TABLE   VI. 

Ajicr  ifficls  of  rhi/lhrnlr  .■^tiiinihilion  on  sinus  rhythm  under  quinidine. 

Sinus  rhythm  recovering. 


length  of  Fii-st  Length  of 

sinus      I    cjcle  in  Suuceediiig cycles  restui-ed 

cycle.  sees.  in  sees.  normal  cvcle. 


Dog 

NM 

(vagi  cut) 

20 
34 

01 
0-2 

gr. 

194 
195 

0-45 
0-72 

0-48 
2-64 

0-43, 
OSG, 

0-43, 
0-86, 

,0-43 
,0-86 

0-45 
0-72 

Dog 

.V.V 

21 

01 

gr- 

230 

0-38 

0-50 

0-38, 

0-38, 

0-38 

1 

0-38 

42 

01 

5gr. 

235 

0-44 

0-62 

0-56, 

0-54, 

0-48, 

0-4S 

0-43 

50 

0-2 

gi-- 

23G 

0-40 

0-72 

0-68, 

0o2, 

0-52 

0-4() 

Dog  XO  71  0-3  gr.  207  0-57  0-72         0-64, 0G4,  IH)4  iMi4 

(vagi  cut ; 

Cycles  measured  from  P  to  P  summit^. 

Furthtr  observations  on  conduction  in  the  auricle  under  quinidine. 

It  has  been  seen  that,  measured  while  the  aimcle  is  beating  at  a  rate 
of  200  per  minute,  a  lowered  rate  of  conduction  in  the  auricle  is  invariable 
when  the  muscle  is  poisoned  by  quinidine. 

Influence  of  rate.  It  is  next  important  to  inquire  how  this  delay  in 
conduction  is  influenced  bj-  the  rate  of  rhythmic  stimulation.  The 
observations  of  Table  VII  were  made  upon  atropinised  dogs  from  this  point 
of  view.  It  will  be  seen  that,  in  so  far  as  the  values  of  tliis  table  are  concerned, 
that  the  auricular  rate  of  200  is  usually  sufiicienth'  representative.  The 
rate  of  conduction  is  usuaUj*  approximately  the  same  for  rates  of  200  and 
such  lower  rates  as  can  be  obtained.  The  lowest  rate  obtainable  is  limited 
by  the  natural  rate  of  the  auricle.  If  higher  rates  than  200  are  used,  and 
occasionally  when  rates  above  150  are  used,  the  conduction  interval  is 
further  prolonged  until,  at  such  low  rates  as  200  or  280,  the  auricle  fails  to 
respond  to  each  stimulus  entering  it.  The  lengthening  of  the  originally 
prolonged  interval  as  the  rate  rises    may  be  relatively  abrupt  and  leatl  \\\> 
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almost  at  once  to  iiitra-auricular  block,  or  it  may  be  gradual  and  progressive 
from  a  rate  of  200  (exceptionally  150)  onwards.  Prior  to  the  failure  of 
response,  the  auricular  curve  shows  conspicuous  irregularity  of  its  deflections  ; 
it  is  to  this  phenomenon  that  the  term  intra-auricular  block  is  ajjplied.  All 
these  events  are  quite  parallel  to  those  seen  in  the  unpoisoned  heart  ;  but  in 
the  unpoisoned  heart  they  occur  at  a  much  higher  scale  of  rates  {i.e.,  150  to 
200  beats  per  minute  liigher).  We  do  not  hesitate  to  ascribe  the  final 
lengthening  of  intervals  consequent  upon  a  rise  of  auricular  rate,  to  the 
stimuli  entering  muscle  while  it  is  in  a  partiallj-  or,  at  the  highest  rates,  when 
responses  are  missed,  in  a  wholly  refractory  state  ;  for  the  refractory  period 
of  the  aiu-icular  muscle  has  been  raised  50  or  70  per  cent,  by  the  quinidine. 
But  it  is  not  clear  that  the  constantly  lengthened  intervals  at  the  lowest 
auricular  rates  can  be  asciibed  to  similar  causes.  If  the  relation  of  the 
impulses  to  the  refractory  period,  absolute  or  partial,  were  the  sole  factor 
inducing  altered  conduction  under  quinidine  we  should  anticipate  that  at 
the  lowest  rates  conduction  would  not  be  altered  materially,  and  that  where 
very  low  rates  of  beating  were  obtainable,  the  conduction  interval  before 
and  after  quinidine  would  be  unchanged.  In  point  of  fact  we  do  not  find 
that  this  is  so  (many  examples  of  intervals  at  low  rates  of  beating  which 
support  tliis  statement  will  be  found  from  Table  IX). 

Influence  of  vagal  stimulalioii.  The  same  problem  has  been  approached 
in  a  different  way.  It  may  be  remembered  that  when  the  conduction 
intervals  become  widened  in  the  unpoisoned  auricle  purely  in  response  to 
raised  rate  of  beating,  an  event  wliich  occurs  usually  at  a  rate  of  about 
350  or  over,  then  these  lengthened  intervals  can  be  reduced  once  more  to 
normal  by  vagal  stimulation.*  This  reduction  under  vagal  stimulation 
has  been  used  as  an  argument  that  the  widened  intervals  result  from  the 
impulses  reacliing  muscle  in  a  partially  refractory  state  ;  normally,  vagal 
stimulation  greatly  shortens  the  refractory  period,  and  consequentlj^  the 
imi^idses  enter  the  muscle  when  it  is  in  a  more  responsive  condition.  We 
have  attemjDted  to  carry  out  the  same  experiment  under  quinidine.  Table 
VIII  contains  those  of  our  results  which  apply  to  auricidar  rates  fixed  at  a 
constant  level  (circa  200)  for  given  experiments.  Now  quinidine  produces, 
as  we  have  seen,  paresis  of  the  vagus,  and  consequently  a  full  effect  on  the 
absolute  refractory  period  is  not  to  be  anticipated  ;  it  is  necessary  in  such 
experiments  therefore  to  obtain  an  index  of  vagal  activity,  and  for  tliis  we 
have  relied  chiefly,  though  not  whoUy,  upon  its  simidtaneous  effect  on  the 
A-  V  junction.  In  the  last  column  of  our  table  we  state  the  effect  of  vagal 
stimulation  by  comparing  it  with  the  normal  effects.  The  right  vagus  was 
employed  exclusively  in  these  experiments. 

The  resiUts  are  not  preciselj'  uniform,  but  in  general  it  may  be  said  that 
when  the  vagi  are  known  to  be  acting,  the  widened  conduction  intervals, 
which  prevail  in  the  auricle  beating  under  quinidine  at  a  rate  of  about  200 
per  minute,  are  definitely,   though  slightly,  reduced  by  vagal  stimulation. 
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TABLE    \T1. 
Coiiducliuii    in  auricle  (alropini.tcd)   under  quinidinc  and  at    different  rales  of  stimulall 

Dog  N H  (kilo  17-3).     Total  quinidino  sulphate  0-25  grain,  (dog  well  under  qninidine).* 


230 
224 
210 
191 
163 


Occasional  failure 
of  response. 
00162 
00154 
00136 
00129 
00123 
00137 
00148 
00142 


Irregular. 

Irregular. 

Very  slight 

Regular. 

Regular. 

Regular. 

RegiUar. 

Regular. 


Dog  N I  (kilo  12-2).     Total  quinidine  sulphate  0-2  gram,  (dog  recovering  from  quinidine).^ 


53 

280 

Occasional  failure 
of  response 

i 

53 

280 

00128 

!  Regular. 

56 

222 

00091 

Slight  irregularity. 

5i 

isi:! 

ll'IKISl 

Slight  irregularity. 

5S 

i:is 

"""'■'- 

Regular. 

Dog  NJ  (kilo  10-5).     Total  quinidine  sulphate  0-3  gram.  (Original  inter\'al  00118  at  rate  of  240). 

75  217  00192  Regular. 

78  157  00172  Regular. 


Dog  \  U  (kilo  8-3).  Total  quinidine  sulphate  0-1  gram,  (dog  well  under  qumidine).* 


137 
158 
190 
225 
245 
278 
322 


00194 
00194 
00190 
00210 
00251 
00267 
Intra-aurieular  block 
00200 


Slight  irregularity. 
Slight  irregularity. 
Slight  irregularity. 
Slight  irregularity. 
Slight  irregularity. 
Irregular. 
Very  irregular. 
Slight  irregularity. 


Dog  N  U  (kilo  8-3).   Total  quinidine  sulphate  0-2  gram,  (dog  well  under  quinidine).* 


00243 

00246 

00226 

00307 

00369 

00365 

00430 

1  response 

00202 


Regular. 

Very  slight  irregularity 

Very  slight  irregularit\ 

Regular. 

Regular. 

Slight  irregularity. 

Irregular. 

Slight  irregularity. 


*  Tlie  original  conduction  intervals  (before  quinidine)  cannot  be  given  for  these  animals,  as 
the  recording  contacts  had  been  moved  before  the  curves  on  which  the  present  table  is  based 
were  taken  ;  but  the  values  given  for  rates  of  about  190  may  be  taken  as  already  raised  50  per  cent, 
or  more  by  quinidine. 
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Less  than  normal  but  distinct. 

Vagi  suspected  of  failing. 

None. 
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Less  than  normal  but  very  distinct. 

Loss  than  normal  but  very  distinct. 
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They  are  not  reduced  to  the  level  obtaiiung  before  the  poisoning,  though 
this  is  very  possibly  due  to  the  weakened  vagal  action.  It  is  also 
found  that  when  under  the  named  condition,  intra-auricidar  block  appears, 
vagal  stimulation  tends  to  aboUsh  it  and  that  irregular  deflections  tend  to 
give  place  to  regular  ones  during  the  full  effect  of  vagal  stimulation.*  An 
exception  to  this  rule  was  once  seen,  however,  and  is  noted  in  the  table  ; 
in  the  case  of  Dog  XM,  regular  deflections  gave  place  to  alternating  ones 
during  the  nerve  stimulation. 

Judging  from  these  results,  they  seem  to  confirm  the  view  that  the 
lengthened  intervals  at  relatively  liigh  rates  of  stimulation  are  at  least  in 
part  conditioned  by  the  time  relations  of  the  partially  refractory  period. 

The  auricular  rates  employed,  however,  were  somewhat  lower  than  those 
most  suitable  to  test  this  question.  Finding  that  vagal  stimulation  is 
capable  of  reducing  the  conduction  intervals  prevaihng  at  these  rates  of 
stimulation,  we  examined  its  effect  on  the  conduction  intervals  at  different 
rates  of  beating  in  the  later  experiments  and  the  results  are  shown  in  Table  IX. 
This  table  also  supplements  Table  VII,  in  showing  the  change  of  conduction 
interval  relative  to  change  of  rate. 

It  seems  in  general  to  be  true  that  when  the  auricle  is  driven  rapidly 
-and  the  conduction  interval  is  conspicuously  -n-ide,  vagal  stimulation  exerts 
its  most  conspicuous  effect ;  and  that  at  the  lowest  rates  of  stimulation, 
though  the  conduction  interval  is  ^^•idened,  vagal  stimulation  fails  to  influence 
it.  It  is  not  possible,  however,  to  render  tliis  generalisation  in  a  quite  positive 
manner,  for  there  have  been  a  few  exceptions  in  which  at  lower  rates  of 
stimulation  vagal  stimulation  has  seemed  still  to  reduce  the  intervals  a 
little  (notably  in  Dog  X  O,  Records  60  and  61,  Dog  X  R,  Records  24  and  25). 
In  so  far  as  the  rule  is  applicable  it  supports  our  contention  that  the  largest 
intervals,  i.e.,  those  prevaihng  at  rapid  rates,  are  largely  the  result  of  the 
partial  refractory  period  factor,  while  it  also  supports  our  suggestion  that  the 
long  intervals  prevailing  at  lower  rates  of  beating  are  cUfferently  occasioned. 
The  presence  of  two  factors  has  to  be  considered  ;  the  one  is  consequent 
upon  rate  and  is  but  an  earl)'  manifestation  of  a  similar  event  in  the  unpoisoned 
heart ;  the  other  appears  to  be  unrelated  to  rate,  though  the  manner  in 
which  the  drug  produces  this  retarded  conduction  is  not  yet  clear  to  us."]" 


*  In  the  initial  stage  of  vagal  stimulation  the  irregularity  may  be  increased. 

■f  It  is  conceivable  that  quinidine  brings  a  proportion  of  the  fibres  of  the  auricle  to  rest  and 
that  even  the  conduction  change  at  low  rates  is  engendered  by  partially  refractory  muscle  : 
but  we  hesitate  at  present  to  accept  this  as  an  explanation. 
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Discussion  on  the  action  of  quinidine  upon  the  fihrillating  auricle. 

When  quinidine  is  administered  to  patients  suffering  from  auricular 
fibrillation  the  chief  reactions  observed  are  three  in  number  ;  they  are  :  (1)  a 
progressive  decrease  in  the  rate  of  the  oscillations  produced  in  the  auricle, 
(2)  sudden  ending  of  the  abnormal  auricular  mechanism  and  a  return  of  the 
normal  heart  rhythm,  and  (3)  an  increase  of  the  ventricular  rate  while  the 
auricular  oscillations  are  slowing. 

It  has  been  the  object  of  the  present  investigation  to  throw  Ught  on 
these  manifestations.     The  first  and  second  may  be  considered  together. 

1  and  2.  Change  in  the  aurictdar  action.  Our  views  as  to  the  mechanism 
of  the  fibrillating  auricle  have  been  recorded  recently  in  a  number  of  papers 
to  this  Journal.  We  have  put  forward,  as  we  think,  abundant  evidence  to 
show  that  fibrillation  of  the  auricles  is  due  fundamental!}-  to  a  simple  circus 
movement  in  the  auricle. 

Emphasis  has  been  laid  on  two  main  points,  namely,  the  length  of  the 
refractory  period  of  the  auricle  and  the  rate  of  conduction  in  the  auricular 
muscle,  and  their  values  in  auricular  flutter  have  been  discussed  at  some 
length.^  More  recently  one  of  us"^  has  summed  up  oiu-  conclusions  and 
re-emphasised  the  importance  of  studying  the  refractory  period  and  rate  of 
conduction  in  relation  to  flutter  and  fibrillation. 

In  fibrillation,  according  to  this  view,  the  excitation  wave  circulates 
continuously  in  the  auricle,  re-entering  the  same  or  much  the  same  path 
over  and  over  again.  It  is  able  to  re-enter  because  a  sufficient  time  elapses 
between  one  circuit  and  the  next  to  j^ermit  recovery.  There  is  always  a 
short  gap  of  responsive  muscle  between  the  crest  of  the  travelling  wave 
and  the  wake  of  its  retreat.  Re-entry  is  possible  only  if,  on  the  one  hand, 
the  rate  of  conduction  is  sufficiently  slow  and,  on  the  other  hand,  the  refractory 
period  at  any  given  point  is  sufficiently  short.  If  the  refractory  period  is 
long  then  the  crest  of  the  travelling  wave  will  be  unable  to  re-enter,  for  it 
\\'ill  find  the  muscle  in  front  of  it  unresponsive  ;  if  conduction  is  rapid  the 
wave  will  fail  to  re-enter  because  the  circuit  is  completed  so  quickly  that  the 
muscle  ahead  of  the  advancing  wave  fails  to  recover  in  time  to  receive  tliis 
wave  again.  Thus,  if  the  conclusion  that  auricular  fibrillation  is  a  simple 
circus  movement  is  correct,  any  agency  wliich  prolongs  the  refractory  period 
sufficiently  or  quickens  conduction  sufficiently  will  bring  the  fibrillation 
to  an  end. 

A  lengthening  of  the  refractor}-  period  will  tend  to  close  the  gap  between 
the  crest  of  the  advancing  wave  and  the  wake  of  retreat  ;  if  the  gap  actually 
becomes  closed,  re-entry  upon  the  same  path  is  clearly  impossible.  It  does 
not  necessarily  follow  that  the  circus  movement  ■will  end,  however,  for  it 
may  then  be  deflected  along  a  muscular  i^ath  of  greater  circumference  ; 
but  there  must  be  a  limit  to  this  process,  and  sooner  or  later  the  wave  will 
have  no  such  option  and  circus  movement  will  cease.     Thus,  a  lengthened 
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refractory  period,  while  the  auricle  fibrillates,  will  lead  theoretically  to  one 
of  two  results,  abrupt  termination  of  the  circus  movement,  or  abrupt 
termination  after  a  preUminary  phase  during  which  the  circuit  becomes 
larger.  Widening  of  the  circuit,  conduction  remaining  unchanged,  will 
decrease  the  number  of  revolutions  per  minute.  If  we  administer  a  drug 
which,  like  quinidine,  is  known  profoundly  to  lengthen  the  refractorj-  period, 
the  effects  which  we  expect  to  obtain  is  an  ending  of  the  fibrillation,  with  or 
without  a  prehminary  jDeriod  of  slowing  in  the  oscillations  of  the  auricle  ; 
for  these  oscillations,  as  has  been  shown,  correspond  to  the  circulation  of 
the  wave.* 

When  quinidine  is  administered  in  chnical  fibrillation  both  the  cessation 
of  the  fibrillation  and  slowing  of  the  oscillations  are  seen.  But  the  first 
phenomenon  is  inconstant  and  the  second  is  invariable  ;  cessation  of  the 
fibrillation  does  not  occur  without  a  prehminary  phase  of  slowing. 

We  may  with  some  confidence  attribute  the  ending  of  the  chnical 
circus  movement  to  closure  of  the  gap,  consequent  upon  lengthening  of  the 
refractory  period  ;  we  cannot  with  the  same  confidence  assume  that  slowing 
of  the  oscillations  is  due  to  a  lengthened  refractory  period  and  the  deflection 
of  the  circulating  wave  upon  a  longer  course.  For,  as  has  been  shown, 
another  factor  is  at  work  ;  quinidine  slows  profoundly  the  rate  at  which  the 
wave  travels.  In  doing  so  it  widens  the  gap,  and  thus  tends  to  estabhsh 
the  circus  movement  more  firmly.  At  the  same  time,  by  slowing  conduction, 
cjuinidine  must  exert  a  decided  influence  on  the  rate  of  the  oscillations ;  the 
revolutions  wiU  be  slower.  Thus,  there  are  two  factors  at  work  which  may 
produce  slower  circus  movement  ;  of  these  the  conduction  factor  will 
invariably  produce  slowing,  the  refractory  period  factor  may  do  so  if  the 
conditions  are  suitable.  Because  slowing  is  invariable  clinically,  and  because 
a  lowered  rate  of  conduction  is  invariable  in  our  experiments,  for  these 
reasons  and  others,  to  be  stated  presently,  we  conclude  that  this  change 
in  conduction  is  the  main  factor,  very  probably  in  manj-  cases  the  only  factor, 
at  work  in  producing  slowing  ;  but  it  is  also  to  be  acknowledged  on  theoretical 
grounds  that  a  lengthened  refractory  period  may  at  times  produce  a  similar 
result.  In  cases  where  the  rate  of  the  auricular  oscUlations  slow  from  600 
to  180  per  minute,  as  they  may  do  chnically  under  quinidine,  it  may  be  argued 
that  it  is  scarcely  conceivable  that  one  or  other  factor  is  alone  responsible. 
Assuming  the  gap  in  fibrillation  to  be  extremely  short,  slowing  of  the  circus 
movement  to  one-third  of  its  original  value  would  necessitate  a  300  per  cent, 
increase  in  the  refractor\"  period,  or  a  300  per  cent,  increase  in  the  length  of 
time  taken  to  travel.  Increases  of  these  magnitudes  are  not  seen  experi- 
mentally, and  it  is  therefore  probable  that  in  these  excejitional  cases  the  two 
factors  work  together  to  produce  slowing.  It  may  be  that  experience  will 
prove  auricles,  in  which  verj'  profound  grades  of  slowing  are  seen  without 
resumption  of  the  normal  rhj-thm,  to  be  of  unusual  size. 

The  effect  of  quinidine  upon  conduction  has  to  be  considered  from 
another  point  of  view.     While  a  lengthened  refractory  period  tends  to  close 
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the  gap,  a  lowered  rate  of  conduction  tends  to  widen  it.  The  two  effects 
of  qiiinidine  are  opposed  in  so  far  as  thej"^  influence  the  termination  or 
continuation  of  circus  movement.  While  we  attribute  the  frequent  abolition 
of  clinical  fibrillation  by  quinidine  to  a  predominant  influence  upon  the 
refractor}'  period,  we  attribute  its  equally  frequent  failure  to  end  the 
fibrillation  to  its  balancing  or  predominating  influence  on  conduction. 

If  we  may  judge  from  our  experiments,  the  balance  is  ordinarily  a  nice 
one,  for  while  quinidine  in  full  doses  raises  the  refractory  period  by  some 
50  to  100  per  cent.,  it  raises  the  transmission  intervals  by  similar  quantities. 
An  equal  and  simultaneous  percentage  increase  of  the  two  values  would 
leave  the  length  of  the  gap  unchanged  ;  it  would  leave  the  path  taken  by 
the  wave  unchanged,  but  would  increase  the  circulation  time  correspondingly. 
Consideration  wiU  further  show  that  only  in  those  instances  in  which 
the  percentage  increase  in  the  refractory  period  exceeds  that  in  the  trans- 
mission intervals  must  the  circuit  enlarge  if  the  movement  is  to  continue. 

To  sum  up.  the  action  of  quinidine  upon  the  auricle  is  two-fold  ;  it 
lengthens  the  absolute  refractory  period,  it  slows  conduction  in  the  auricle. 
These  two  ascertained  actions  fully  explain  the  action  of  quinidine  upon 
clinical  fibrillation  of  the  auricle,  providing  that  the  theory  of  fibrillation 
which  we  support,  namely,  that  this  disorder  of  the  auricle  is  fundamentally 
a  circus  movement,  is  accepted. 

3.  Ventricular  acceleration.  The  meaning  of  tliis  clinical  phenomenon 
has  been  discussed  already.  There  are  two  reasons  why  the  responses  of  the 
ventricle  to  the  fibrillating  auricle  should  increase  in  number.  The  first  is 
the  lowering  of  the  auricular  rate,  the  second  is  the  paresis  of  the  vagus. 
The  part  played  by  one  or  other  cannot  be  judged  from  our  experiments  ; 
tliis  question  is  one  more  open  to  cUnical  investigation  and  explanation. 


Summary  axd  Chief  Coxcltjsioxs. 

1.     QuinicUue  sulphate,  given  to  dogs,  in  doses  comparable  to  those 
used  clinically,  has  the  following  effects  : — 

(a)  It  lowers  the  »S'-  A  rate  considerably. 

(6)  It  reduces  the  rate  of  conduction  in  auricle  and  ventricle ;  it 
deiDresses  .4-  V  conduction.  The  influence  of  the  drug  appears 
to  be  relatively  uniform  in  the  three  tissues  involved. 

(c)  It  lengthens  the  absolute  refractory  period  of  the  auricular 
muscle. 

{d)  It  causes  a  partial,  rarely  a  complete,  paral3-sis  of  the  vagus. 
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■2.  The  first  three  of  tliese  effects  result  from  a  direct  action  in  the 
muscle  ;  they  arc  produced  simultaneously  and  are  recovered  from 
simultaneously.  The  fuU  effect  on  the  vagus  somewhat  precedes  the  full 
effect  on  the  muscle,  but  recovery  happens  simultaneously  with  recovery 
ill  the  muscle. 

3.  The  nature  of  the  action  of  quiiiitline  upon  contluction  in  the 
auricle  is  discussed.  In  large  part  it  appears  to  be  independent  of  the  rate 
of  beating  ;  at  higher  rates  of  beating  it  is  reinforced  by  the  partially 
refractory  period  factor. 

4.  A  curious  reversed  action  of  the  vagus  upon  A-  V  conduction  is 
described  as  happening  under  quinidine. 

5.  The  effects  of  quinidine  sulphate  upon  clinical  fibrillation  of  the 
auricle  are  explained,  if  the  last  is  regarded  as  fundamentally  due  to  circus 
movement.  A  sufficient  lengthening  of  the  refractory  period,  by  reducing 
the  responsive  gap,  \sill  either  bring  the  circus  movement  to  an  end  or 
it  will  slow  the  circuit  movements.  A  reduced  rate  of  conduction  will  slow 
the  circuit  movements,  but  will  tend  to  establish  the  circus  movement  more 
firmly.  If  the  refractory  period  factor  predominates,  the  circus  movement 
will  end  ;  if  the  conduction  factor  predominates,  the  circus  movement  will 
not  end,  but  will  become  slower. 

An  increased  rate  of  ventricular  beating  under  quinicbne,  in  auricular 
fibrillation,  is  ascribed  to  the  lowered  rate  of  auricular  beating  in  part,  and 
to  paresis  of  the  vagi  in  part. 
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1.  Du.j  S  ./,  HccortU-  15,  IS,  32  and  55,  iirsije.tuel>-.  Kacli  t-uive  is  from  leail  / /,  and 
tlie  heart  is  beating  in  response  to  rhjthmic  shocks  of  almost  constant  rate  (234  to  240  per 
minute),  applied  to  the  auricular  apjiendix.  Pr--nH  15  nftrr  atropine  and  before  quinidine  ; 
record  18  ten  minutes  after   0-1  gram  qaiiii.ln  i  . -„■(/  32,  eight  minutes  after  a 

second  and  similar  dose  ;  record  55,  forty!  hi  i   tlie  second  dose. 

There  is  a  progressive  increase  in  the  lui J  ..xe.     Tliere  is  a  slight  increase 

in  the  PK  and  Q.R.i,:  intervals  (see  Table  lij. 
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NOTE  ON  THE  REVERSAL  OF  VAtiUS  ACTION  BY   QUINIDINE, 
AS    SEEN    IN    THE    HEART    OF    THE    CAT, 

By  H.   H.   DALE. 
{From  Ike  National  Institule  for  Medical  Research,  Hampstead.) 


My  colleagues  at  the  L'niversity  College  Hospital  Medical  School  have 
shown  me  the  records  in  which  an  apparent  reversal  was  observed,  of  the 
normal  effect  of  vagus  stimulation  in  the  dog,  on  conduction  at  the  ,4-  V 
jimction,  during  recovery  from  a  dose  of  quinicUnc,  which  had  sufficed  to 
eUminate  temporarily  all  vagus  effects.  In  the  foregoing  paper  this  effect  is 
discussed,  and  attention  is  drawn  to  its  similarity,  in  some  respects,  to  the 
reversed  effect  of  the  vagus  on  the  cat's  heart,  described  some  years  ago  by 
Laidlaw,  Symons  and  myself, ^  as  a  sequel  to  the  injection  of  small  doses 
of  nicotine,  of  curari,  or  of  certain  other  alkaloids  having  a  similar  type  of 
action.  My  colleagues  incUned  to  a  different  interpretation  of  their 
phenomenon,  but  suggested  that  I  should  test  the  possibility  of  producing, 
by  means  of  quinidine,  the  type  of  reversal  which  nicotine  causes  in  the 
action  of  the  cat's  vagus.  I  have  made  four  such  experiments  on  cats  under 
paraldehyde,  and  have  in  three  of  them  seen  the  reversal  of  the  effect  of  the 
vagus  on  the  sinus  rh}i;hm  of  the  cat's  heart,  which  we  described  previously. 
The  reversed  action  is  produced  by  quinidine  neither  so  easily  nor  in  such 
striking  form  as  by  nicotine,  but  the  effect  is  unmistakably  of  the  same 
kind.  Like  the  reversed  effect  on  conduction  at  the  A-  V  junction  in  the 
dog,  it  is  seen  during  recovery  from  a  dose  of  quinidine  sutficient  to  annul 
the  effect  of  the  vagus  on  the  sinus  rhj'thm  of  the  cat's  heart.  The  first  sign 
of  recovery  is  seen  in  a  sUght  retardation  of  the  rhj-thm  for  the  space  of  a 
few  beats  at  the  commencement  of  a  period  of  strong  faradisation  of  the 
vagus.  This  weak  inhibition  is  rapidly  evanescent,  and  no  further  effect 
is  seen  while  stimulation  of  the  vagus  is  continued.  The  cessation  of  the 
stimulation,  however,  is  followed  bj"-  the  appearance  and  prolonged  persistence 
of  a  retardation,  which  is  removed  by  renewal  of  vagus  stimulation,  and 
reappears  when  this  is  again  interrupted  ;  so  that  successive  renewals  and 
interruptions  produce  the  appearance  of  inhibition  betueen  and  acceleration 
during  the  periods  of  vagus  stimulation.  Fig.  1  shows  the  effect  at  this  stage, 
as  recorded  by  a  mercurial  manometer. 
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While  the  production  of  this  reversal  by  quinidine  in  the  cat,  which  is 
certainh'  the  same  phenomenon  as  I  described  in  conjunction  with  Laidlaw 
and  Symons,  strengthens  the  suggestion  that  the  phenomenon  described  in 
the  preceding  paper  is  of  the  same  tj^e,  the  difficulties  in  the  waj'  of  an 
identification,  which  are  there  indicated,  remain  untouched.  There  is  one 
other  point  on  which  the  evidence  seems  to  be  clearer.  The  partial  or 
complete  paralysis  of  vagal  action  produced  by  quinidine  is  not  due  to  an 
atropine-hke  action.  Whether  the  effect  of  the  vagus  is  completely  annulled, 
or  exhibits  the  delay  and  paradoxical  reversal  above  described,  a  peri- 
pherally acting  substance  such  as  acetyl-chlorine  produces  its  tj^pical 
vagomimetic  inhibition  without  impairment  or  modification.  Neither  the 
peripheral  structure  which  atropine  paralj-ses,  nor  the  response  of  the 
cardiac  muscle  to  this  type  of  inhibitor  stimulus,  seems  to  be  affected  by 
quinidine.  So  far  as  the  facts  warrant  any  suggestion,  the  similarity  of 
its  action  to  that  of  nicotine,  curari,  etc.,  would  appear  to  indicate  the 
autonomic  cell-station  on  the  vagus  path  as  the  level  at  which  the  paralytic 
effect  is  produced  b}'  quinidine. 

It  is  desirable,  perhaps,  again  to  empha.sise  the  fact  that  paraldehyde, 
in  such  exjjeriments,  is  not  merely  an  anaesthetic,  but  directly  facilitates 
the  production  of  the  reversed  vagus  action.  I  have  recently,  for  the 
first  time,  observed  the  vagus  paradox,  as  the  result  of  strong  faradisation 
of  the  nerve,  in  a  cat  under  the  ordinary  anaesthetic  dose  of  paraldehyde, 
without  the  use  of  any  other  drug.  Such  an  occurrence  is  rare,  but  it 
raises  a  strong  presumption  that  the  action  of  the  vagus  on  the  heart  is 
never  perfectly  normal  in  the  cat  under  paraldehyde. 
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When  Einthoven^-^  began  to  apply  the  string  galvanometer  to  the  study 
of  heart  disease  he  observed  that  certain  valve  lesions,  \\hen  accompanied 
by  great  cardiac  enlargement,  yielded  electrocardiograms  of  distinctive 
type.  In  cases  of  mitral  disease  in  which  preponderant  hjrpertrophj-  of 
the  right  ventricle  was  believed  to  be  present,  the  tallest  Q.i?. 5. -summit 
occurred  in  lead  ///  and  the  greatest  downward  deflection  in  lead  /.  In 
aortic  insufficiencj'  and  in  other  conditions  in  wliich  preponderant 
hj'pertrophy  of  the  left  ventricle  appeared  to  be  present,  the  electrocardio- 
graphic picture,  when  compared  with  that  of  mitral  disease,  was  inverted  ; 
the  tallest  summit  occurred  in  lead  /,  the  deepest  deflection  in  lead  ///. 
Einthoven  also  noted  that  these  abnormal  curves  were  often  of  great 
ampHtude. 

Einthoven  did  not  attempt  to  give  a  complete  explanation  of  the 
mechanism  through  which  hypertrophy  of  the  one  or  the  other  ventricle 
produces  characteristic  changes  in  the  form  of  the  electrocardiogram.  He 
appears  to  have  beUeved  these  changes  due  to  some  peculiarity  of  the  spread 
of  the  excitation  process  such  that  in  left  ventricular  hypertrophy,  the 
first  region  activated,  or  the  region  of  greatest  initial  activity,  lay  near  the 
cardiac  apex,  while  in  right  ventricular  hypertrophy  this  region  lay  more 
toward  the  ventricular  base.  Whether  he  beUeved  that  unilateral 
hypertrophy'  was  accompanied  by  modifications  of  the  conducting  system 
it.self,  or  whether  he  beUeved  only  that  it  altered  the  positional  relation 
of  the  ventricular  regions  which  normally  receive  the  impulse  earliest  to  the 
muscle  mass  as  a  whole,  is  not  clear. 
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Einthoven's  obsoivatioiis  have  been  confirmed  repeatedly  and  extended. 
We  need  refer  here  only  to  tlie  work  of  Lewis,*  which  may  be  briefly 
summarised  as  follows  : — 

(1)  In  aortic  insufficiency,  Einthoven"s  signs  of  left  ventricular 
liypcrtrophy  are  usually,  but  not  invariably,  found.  In  rare  instances 
tlie  electrocardiogram  may  suggest  right  ventricular  hypertrophy  rather 
than  left.  The  average  values  of  the  individual  electrocardiograj^hic 
deflections  in  a  large  series  of  cases  show,  as  compared  with  tlic  average 
values  for  normal  subjects,  a  conspicuous  increase  in  the  amplitude  of  7?1 
(R  in  lead  /)  and  S3*  and  a  decrease  in  the  amplitude  of  >Sl  and  i?3  ;  that 
is,  the  average  curve  exhibits,  in  some  measure,  the  signs  of  prejionderant 
hypertrophy  of  the  left  ventricle. 

(2)  In  mitral  stenosis,  Einthoven's  signs  of  right  ventricular  hypertrophj^ 
are  the  rule,  and  are  shown,  in  some  degree,  by  the  average  curve.  Cases 
which  fail  to  follow  the  rule,  though  less  frequexit  than  in  aortic  insufficiency, 
are  not  uncommon. 

(3)  In  congenital  heart  disease  the  average  values  of  tlie  vari(jus 
deflections  indicate  a  much  greater  degree  of  right  ventricular  preijonderance 
than  do  the  corresponding  average  values  in  mitral  stenosis.  It  is  in 
congenital  pulmonary  stenosis  that  Einthoven's  signs  of  right  ventricular 
hypertrophy  are  most  fully  developed. 

(4)  The  electrocardiogram  of  the  new-born  infant  shows  the  signs  of 
right  ventricular  preponderance  almost  invariably.  These  disappear 
gradual^,  and,  between  the  third  and  fourth  months  of  life  the  curve 
approaches  the  form  seen  in  the  normal  adult. 

(5)  Many  normal  electrocardiograms  exhiliit  Einthoven's  signs  of  right 
or  of  left  ventricular  hypertrophy  in  minor  degree,  and  normal  electro- 
cardiograms may  be  divided  into  two  classes  accorcUng  as  they  conform 
more  to  the  former  type  or  to  the  latter. 

These  observations  tended  to  confirm  Einthoven's  contention  that 
unilateral  hypertrophy  produces  characteristic  electrocardiographic  signs. 
It  was  necessarj',  however,  to  explain  the  absence  of  these  signs  in  many 
cases  of  aortic  insufficiencv  and  of  mitral  stenosis  ;  for  it  was  believed  that 


*  Einthoven  called  the  chief  initial  deflection,  when,  in  left  ventricular  hypertrophy,  it  was 
dowaiward,  an  inverted  "if  "  :  Lewis  calls  this  deflection  "  S"  In  this  article  we  have  adliered 
to  the  terminology  of  the  latter.  It  is  imquestionably  true  that  this  deflection  is  produced  by 
the  same  muscle  activity  that  gives  rise,  in  the  same  cases,  to  the  exaggerated  Rl  ;  and  we  have, 
perhaps,  no  more  right  to  call  it  "  5  "  than  we  have  to  call  the  inverted  Rl  of  dextrocardia  "  S." 
It  is  convenient,  however,  to  avoid  speaking  of  inverted  deflections.  The  deflections  of  abnormal 
electrocardiograms  are  never  to  be  considered  identical  in  origin  with  the  corresponding  deflections 
of  the  normal  electrocardiogram,  and  yet  it  seems  umiecessary  to  invent  a  new  tenninology  for 
each  abnormal  lyjDe  of  curve.  It  should  be  remembered  that  the  exaggerated  "*"  of 
preponderance  curves  is  more  nearly  analogous  to  the  corresponding  deflection  of  bundle  branch 
block  curves  than  to  the  normal  S. 
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uiiilateral  hypertrophy  was  almost  invariably  present  in  these  disorders  ; 
and  to  explain  their  presence  in  the  new-born  and  in  certain  normal  adults. 
Lewis  sought  the  explanation  of  these  difficulties  in  a  study  of  the  relative 
weight  of  the  two  ventricles  under  various  circumstances.  He  devised  a 
method  of  sectioning  the  heart  wMch  permits  the  muscle  of  each  ventricle 
and  that  of  the  septum  to  be  weighed  separately.  The  ratio  LI R  may  then 
be  determined  by  dividing  the  weight  of  the  left  ventricle  by  that  of  the 
right,  the  weight  of  the  septal  muscle  being  neglected.  When  this  method 
had  been  carried  out  in  a  large  series  of  cases  it  was  found  that  although 
preponderant  hypertrophy  of  the  left  ventricle  is  the  rule  in  aortic  insufficiency 
and  preponderant  hypertrophy  of  the  right,  in  mitral  stenosis,  numerous 
exceptions  occur.  The  absence  of  the  expected  electrocardiographic  signs 
in  certain  patients  with  these  valve  lesions  thereby  became  intelligible. 
It  was  foimd  also  that  the  average  value  of  the  ratio  L! R  was  higher  in 
aortic  insufficiency  and  lower  in  mitral  stenosis  than  in  a  series  of  controls  ; 
this  seemed  to  explain  the  form  of  the  average  ciu-ve  in  each  type  of  case. 
The  ratio  L,  R  of  the  controls  varied  \rithin  wide  Hmits,  and  the  occurrence 
of  signs  of  slight  right  or  sUglit  left  preponderance  in  normal  indi%-iduals 
coidd  be  attributed  to  unusual  variations  in  tliis  ratio.  And,  lastly,  Miiller 
in  a  similar  study  of  the  relative  weight  of  the  two  ventricles,  had  found 
that  the  right  ventricle  of  the  new-born  infant  is  considerably  heavier  in 
comparison  with  the  left  than  is  that  of  the  adult,  and  that  tliis  condition 
persists  uutU  about  the  third  month  of  life. 

These  results  seemed  to  offer  a  complete  explanation  of  the  occurrence 
of  the  electrocardiographic  signs  in  question  and  to  place  Einthoven's  views 
upon  a  solid  foundation.  A  more  direct  test  of  the  value  of  these  signs  was, 
however,  attempted.  In  nine  cases  the  ratio  L  R  and  the  electrocardio- 
graphic signs  of  unilateral  hypertrophy  exhibited  before  death  were  compared. 
Six  cases  have  been  added  to  this  series  by  Cotton-.  Except  in  two  of  these 
fifteen  cases  the  electrocardiograpliic  inclications  and  the  type  and  degree 
of  preponderant  hypertrophy  present  corresponded  remarkablj-  well. 

The  following  explanation  offered  by  Lewis*  for  the  occurrence  of 
characteristic  electrocardiograms  in  association  with  unilateral  h\'pertrophy 
is  ba.sed  upon  his  interpretation  of  the  normal  ventricular  complex.  He 
has  shown  that  the  normal  Q.R.S.  group  is  produced  by  the  algebraic 
summation  of  the  left  ventricular  electrocardiogram  (levocardiogram)  and 
the  right  ventricular  electrocardiogram  (dextrocardiogram).*  The  early 
phases  of  these  curves  have  been  recorded,  and  the  part  that  each  plays  in 
the  formation  of  the  normal  Q.R.S.  group  has  been  established  ;  Q\  and  (S3 
are  left  ventricular  effects  ;  ^3  and  S\   are  right  ventricular  effects  ;   R\ 

*  As  Einthoven'  has  pointed  out,  the  statement  that  the  ventricular  electrocardiogram 
is  the  result  of  a  summation  of  right  and  left  ventrictilar  effects  is  equivalent  to  the  assertion 
that  the  -whole  is  eqtial  to  the  sum  of  its  parts.  But  the  right  and  left  ventricles,  as  opposed 
to  the  base  and  apex,  for  example,  are  natural  subdivisions  ;  each  ventricle  has  its  own  conducting 
system,  and  is,  therefore,  in  some  measure,  capable  of  independent  activity. 


!)4         G.     li.     HERRMANN     AND     F.     N.     WILSON. 

is  chiefly  a  left,  and  R'i  chiefly  a  right  ventricular  effect.  Lew-is  concluded, 
therefore,  that  the  tall  Rl  and  deep  S3  of  left  ventricular  hypertrophy  are 
the  result  of  preponderance  of  the  levocardiogram,  while  the  tall  R'S  and 
deep  SI  of  riglit  ventricular  hyiiertrophy  are  the  expression  of  preponderance 
of  the  dextrocardiogram.  He  pointed  out  that,  in  accordance  with  this 
view,  Ql  is  large  in  left  and  ^3  in  right  ventricular  preponderance.  His 
demonstration  that  anti-clockwise  rotation  of  the  electrical  axis  is  common 
to  both  the  levocardiogram  and  the  curves  of  left  ventricular  preponderance, 
while  the  dextrocardiogram  and  right  ventricular  preponderance  curves 
show  clockwise  rotation,  also  supports  this  conclusion. 

The  problem  of  explaining  Einthoven's  signs  was  thus  reduced  to  the 
problem  of  explaining  how  preponderant  hypertrophy  of  the  one  or  the 
other  ventricle  gives  rise  to  preponderance  of  the  corresponding  unilateral 
electrocardiogram.  In  the  normal  electrocardiogram  the  effects  of  the  two 
ventricles  are  fairly  well  balanced,  in  spite  of  the  greater  mass  of  the  left  ; 
nevertheless,  it  seems  not  improbable  that  the  ampUtude  of  the  electrical 
effects  of  either  ventricle  depends,  in  some  measure  at  least,  upon  its  mass. 
A  relative  increase  in  the  mass  of  the  one  or  the  other  chamber  may  destroy 
the  lialance  between  right  and  left  ventricular  effects  and  enable  the 
corresponding  unilateral  electrocardiogram  to  dominate  the  combined  curve. 


Methods. 

In  collecting  the  material  upon  which  this  article  is  based,  we  had  in 
mind  the  addition  of  a  considerable  number  of  cases  to  the  series  already 
reported'-''.  This  seemed  desirable  in  order  that  the  relation  between  the 
ratio  L/ R  and  Einthoven's  signs  might  be  more  exactly  determined.  We 
have  followed,  for  the  most  part,  the  methods  used  by  the  authors  mentioned, 
so  that  our  data  might  be  comparable  to  theirs.  In  order,  however,  to 
obtain  as  many  cases  as  possible  we  have  not  restricted  our  attention  to 
examples  of  cardiac  disease.  In  Barnes  Hospital,  where  the  work  was  done, 
electrocardiograms  were  made  routinely  in  all  instances  in  which  cardiac 
abnormalities  were  known  to  be  present  or  were  suspected  to  exist.  For 
the  purposes  of  this  study,  electrocardiographic  observations  were  also  made 
upon  all  patients  who  were  criticallj'  ill,  whatever  the  primary  disease  might 
be.  As  a  result,  our  series  of  cases  differs  from  those  of  Lewis  and  Cotton 
in  that  it  includes  many  cases  in  which  hypertrophy  of  the  heart  was  not 
present. 

The  electrocardiograms  were  made  by  one  of  the  authors  or  by  Miss 
LiUian  Pinkert,  technician  of  the  Washington  University  Heart-Station. 
The  curves  M-ere  standardized  in  the  usual  way  and  the  effect  of  introducing 
a  difference  of  potential  of  one  miUivolt  into  the  circuit  containing  the 
string,  and  the  patient  was  photographed  in  each  instance.     In  measuring 


VEXTRICVLAR     HYPERTROPHY.  05 

the  curves  corrections  were  made  for  errors  in  standardization.  When 
conspicuous  overshooting  ^vas  present,  due  to  high  skin  resistance,  the 
curves  were  discarded.  In  most  of  our  cases  only  one  series  of  curves  was 
taken.  In  those  instances,  in  which  curves  were  made  on  several  occasions, 
only  the  final  curves  were  measured,  except  in  a  few  cases  in  which  they 
differed  conspicuously  in  form  from  the  curves  made  previously. 

Method  of  preparing  and  sectioning  the  heart.  In  order  to  allow  a  more 
complete  examination  of  the  heart  at  the  time  of  the  post-mortem  it  was 
necessary  to  make  some  minor  alterations  in  the  method  of  preparing  the 
heart  for  sectioning  which  Lewis  employed. 

One  of  the  authors  attended  the  autopsy  and  received  the  heart  freed 
of  the  parietal  pericardium  and  with  the  large  vessels  cut  short.  The 
organ  being  weighed,  the  auricles  were  removed,  and  the  mitral,  aortic, 
tricuspid  and  pulmonary  valves  were  carefully  examined  and  tested  bj' 
the  hydrostatic  test.  The  mitral  and  tricuspid  leaflets  were  then  removed 
and  the  aorta  and  pulmonary  ai'tery  were  separated  from  the  ventricular 
muscle.  The  valve  leaflets,  vessels,  and  auricular  muscle  were  then  returned 
to  the  pathologist  for  further  examination. 

The  capacity  of  each  ventricle  was  determined*  by  measuring  the 
volume  of  mercury  necessary  to  fill  its  cavity.  Long  pins  were  thrust 
through  the  ventricxUar  base  and,  with  the  mercury  still  in  place,  the  heart 
was  susijended  in  a  vessel  containing  10  per  cent,  formol.  From  this  point 
onward  the  method  of  Lewis  was  strictly  followed  up  to  the  time  when  the 
organ  was  sectioned. 

Unfortunately,  Lewis  has  described  his  method  of  sectioning  the  heart 
but  briefly,  and  we  misunderstood  his  directions.  The  first  cut  was  made 
parallel  to  and  along  the  right  margin  of  the  septum  in  such  a  way  that  the 
ca\-ity  of  the  right  ventricle  remained  closed  on  its  septal  side  by  a  very  thin 
sHce  of  •  septal  tissue.  The  cut  was  begun  posteriorly  and  was  brought 
forward  until  it  reached  the  conus  tendon,  which  was  then  followed  as  in  the 
method  of  Lewis.  On  the  anterior  surface  of  the  heart  the  cut  followed  the 
interventricular  sulcus.  This  cut  was  continued  downward  until  the  right 
ventricle  was  completely  separated  from  the  remainder  of  the  heart  muscle. 
The  second  cut  was  made  tangential  to  the  cavity  of  the  left  ventricle  on  its 
septal  side,  but  instead  of  being  carried  straight  through  to  the  centre  of  the 
conus  tendon,  its  anterior  part  was  curved  to  the  left  so  that  it  was  maintained 
parallel  to  the  first  cut  throughout  its  course. "j* 

We  did  not  discover  our  error  imtil  the  first  fifty  hearts  of  oiu-  series 
had  been  divided  ;  these  hearts  were  afterwards  resectioned  according  to 
the  method  of  Lewis,  which  was  followed  in  the  remaining  cases.     We  felt, 

*  The  ventricular  capacities  of  the  first  twenty  hearts  obtained  were  not  measured.  These 
hearts  were  maintained  in  a  distended  condition  by  filling  the  ventricular  cavities  with  cotton 
wool. 

t  This  method  is  referred  to  hereafter  as  method  A. 
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especially  with  the  first  method  employed,  some  uncertainty  in  making  the 
cuts,  and  sought  some  way  in  which  this  might  be  avoided.  The  following 
method  of  separating  the  right  and  left  ventricles  seems  to  us  less  arbitrary 
and  less  subject  to  error  than  those  heretofore  employed.  The  fixed 
ventricles  are  divided  by  cuts  at  right  angles  to  the  long  axis  of  the  heart 
into  a  series  of  sections,  each  about  \^  cm.  in  thickness.  If  this  is  done  with 
a  sharp  knife,  a  thin  but  clear-cut  hne,  formed  by  the  scroll  mu.><cle  layers, 
will  be  seen  running  through  the  centre  of  the  septum  in  an  anterior-posterior 
direction.  Tliis  Hne  is  well  shown  in  Fig.  9,  a  photograph  of  one  of  the 
sections  of  the  heart  in  Case  23.  Each  section  is  divided  into  right  and  left 
divisions  by  a  cut  which  follows  this  line  throughout  its  cour.se  ;  near  the 
anterior  and  posterior  surfaces  of  the  heart  where  the  Hne  forks,  the  cut 
bisects  the  angle  between  the  forks.  The  septal  muscle  is  distributed  by 
the  cut  between  the  two  ventricles  and  is  not  considered  separately.  This 
method  (method  B)  was  employed  in  29  cases  ;  the  heart  was  resectioned  in 
all  instances  by  our  first  method  (method  A)  followed  by  that  of  Lewis  or 
by  the  latter  method  alone.  The  muscle  weights  obtained  by  method  B 
are  given  in  Table  III  ;  the  muscle  weights  obtained  on  resectioning  are 
included  so  that  the  various  methods  used  may  be  compared. 

It  will  be  seen  that  the  ratio  L/R  determined  by  method  B  is  invariably 
lower  than  that  determined  bj'  the  method  of  Lewis  and  also  lower  than  that 
determined  by  method  A.  The  average  difference  between  the  ratio  L/R 
determined  by  the  Lewis  method  and  the  ratio  L/R  determined  by  method  B 
is  0-23  ;  the  maximal  difference  is  0-68  and  tlie  minimal  difference  004. 
When  the  ratio  L/R  is  high  the  difference  appears  to  be  greater  than  when 
it  is  low;  thus  for  ten  cases  wdth  L/R  ratios  ranging  from  3-59  to  1-96 
(Lewis  method)  the  average  difference  is  0-35  ;  for  10  cases  with  ratios 
ranging  from  1-94  to  1-69,  it  is  0-22  ;  and  for  9  cases  with  ratios  ranging 
from  1-61  to  112,  it  is  0-13.  Assuming  that  the  methods  may  be  carried 
out  with  equal  accuracy,  the  maximal  error  in  the  ratio  L/R  determined  by 
either  method  will  amount  to  apjjroximately  one-half  the  difference  between 
the  maximal  (or  minimal)  and  the  average  difference  for  a  small  range  of 
L/R  value.-.  For  our  first  group  of  cases  (ratios  between  3-59  and  1-9G) 
the  maximal  cHfference  is  0-68  and  the  average  cHfference  0-35  ;  the  maximal 
error  is,  therefore,  about  013.  It  appears  from  the  table,  iiowever,  tiiat 
errors  as  great  as  this  seldom  occur. 

It  will  be  noted  that  when  the  hearts  were  sectioned  by  the  Lewis 
method  the  average  ventricular  weight  was  about  18  grams  less  than  when 
the  first  cuts  were  made.  The  hearts  had  been  stored  in  weak  formol  for 
some  time,  and  although  they  were  again  placed  in  water  for  .'several  days, 
they  did  not  regain  their  original  weights. 

When  the  last  cuts  were  made,  the  thickness  of  the  lateral  wall  of  each 
ventricle  at  the  junction  of  its  basal  and  middle  thirds  was  measured. 
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Description  of  observations. 

Tables  I,  II  and  I  V.  Our  observations  are  summarised  iu  tabular 
form  :  the  details  of  the  cUmcal  and  post-mortem  observations  are  given 
in  Table  I.  The  cases  are  arranged  in  the  order  determined  by  the  ratio 
LjR  (Lewis  method),  beginning  with  the  highest  ratio  and  ending  with  the 
lowest.  The  term  "  heart  weight  "  refers  to  the  weight  of  the  fresh  heart 
as  it  was  received  from  the  pathologist.  The  figures  for  height  and  weiglit 
and  the  notes  upon  the  condition  of  the  kidneys  and  heart  valves  were 
abstracted  from  the  pathological  records  ;  the  blood  pressure  readings,  from 
the  clinical  records.  The  last  column  of  the  table  contains  additional  notes 
relative  to  the  condition  of  the  cardiovascular  s\-stem  and  to  other  matters 
of  interest. 

The  electrocardiograpliic  measurements  are  given  in  Table  II  :  the 
age,  ventricular  weight,  and  ratio  L/R  are  repeated  here  for  comparison. 
The  final  column  of  the  table  gives  the  most  important  or  the  primary 
disease.  Electrocardiographic  measurements  which  fall  outside  the  normal 
limits  determined  by  Lewis  and  Gilder'"  are  printed  in  italics.  The  index 
was  computed  by  subtracting  the  sum  of  i?3  and  S\  from  the  sum  of  R\ 
and  <S3.  The  normal  range  of  the  index  is  not  given  by  Lewis  and  Gilder, 
but  was  determined  from  their  tables  ;  the  maximal  index  in  their  series 
of  52  cases  is  8-5  :  the  minimal  index  is  — 14.  Indices  wluch  fall  outside 
these  Umits  are  printed  in  italics.  Certain  positive  indices  are  followed  by 
one  or  by  two  stars  to  indicate  that  the  corresponding  electrocarcUograms 
show  one  (one  star)  or  both  (two  stars)  of  the  following  signs  of  left 
ventricidar  preponderance  ;  [a)  the  tallest  summit  occurs  in  lead  /,  (6)  the 
deepest  deflection  occurs  in  lead  ///  and  exceeds  the  normal  Umit  of  0-45 
millivolt.*  Stars  follow  negative  indices  when  the  corresponding  signs 
of  right  ventricular  preponderance  are  present  ;  the  normal  Umit  for  S\  is 
0-60  milhvolt. 

In  Table  IV  the  average  values  of  the  electrocardiographic  measurements 
and  muscle  weight  determinations  in  various  types  of  cases  are  given.  Lewis's 
average  values  for  controls,  for  aortic  insufficiency,  and  for  mitral  stenosis 
are  included  for  comparison. 

The  normal  range  of  the  ratio  LI R  and  of  the  ventricular-iveight  body-iceight 
ratio.  In  Le^vis's  series  of  "  cancer  controls  "  the  ratio  L/R  ranges  from 
1-46  to  206;  in  his  series  of  "controls,"  from  1-57  to  218;  in  Cotton's 
series  of  controls,  from  1-43  to  2-28.  providing  Case  10,  an  infant  aged  2  days, 
be  excluded.     In  our  own  series  of  controls  (Table  IV)  it  ranges  from  1-46 


*  It  is  probable  that  this  limit  is  too  low.  We  have  seen  a  number  of  electrocardiograms 
of  apparently  normal  individuals  in  which  .S'3  reached  a  value  of  0-60  to  0-70  millivolt.  We  have 
adopted  throughout  the  normal  limits  determined  by  Lewis  and  Gilder.  Tlie  number  of  subjects 
studied  by  them  was  not  large,  but  they  were  selected  with  great  care.  For  the  purposes  of  this 
article  the  exact  limits  of  normality  are  not  of  great  importance. 
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to  2- 14;  or,  if  those  cases  in  which  an  abnormal  t'loctrocardiogram  was 
tlio  chief  cardio-vascular  abnormaHty  be  excluded,  from  l-4(i  to  1<)G. 
Miiller,i2  who  used  a  different  method  of  sectioning  the  heart,  considers 
0-400  the  lower,  and  0-650  the  upper  normal  limit  for  the  ratio  R/ L  ;  these 
figures  correspond  to  L/R  ratios  of  2'50  and  1-54  respectively.  In  all  scries 
of  controls  in  which  the  Lewis  method  was  used  the  average  value  of  the 
ratio  L/R  lies  in  the  immediate  neighbourhood  of  1-80.  For  the  purposes 
of  this  study,  we  consider  ratios  above  2-20  or  below  1-50  abnormal. 

In  Table  I  we  give  for  each  case  the  ratio  of  the  ventricular  weight 
in  grams  to  the  body  weight  in  grams.  This  ratio  was  computed  also  in  all 
of  the  control  cases  pubUshed  by  Lewis.  In  his  series  of  "  cancer  controls  " 
it  varies  between  0-00200  and  0-00421  (average  value  0-00301)  :  in  his 
series  of  "  controls "  it  ranges  from  000276  to  000480  (average  value 
000386).  In  our  own  series  of  controls  it  ranges  from  0001 70  to  0-00390 
(average  value  0-00292).  Miiller's  average  values  for  this  ratio  range  from 
0-00371  to  0-00489.  We  believe  that  ratios  above  0-00500  indicate  definite 
ventricular  hypertrophy. 


Comj)nrison  of  the  ratio  LjR  and  the  elecirocardiograj)hic  signs  of  preponclerance 
of  the  one  or  the  other  ventricle. 

Examination  of  Table  II  indicates  that  the  relation  between  the  form 
of  the  Q.R.S.  group  and  the  relative  weight  of  the  two  ventricles  is  much 
less  close  than  is,  at  present,  generally  believed.  In  order  to  get  a  more 
exact  idea  of  this  relation  in  our  series  of  cases  we  have  divided  them,  on 
the  basis  of  the  ratio  L/R,  into  four  groups  : — 

Group  I. — L/R  ratio  above  2-20  ;  abnormal  left  ventricular  preponderance. 
Fifteen  of  our  cases  fall  in  this  group.  In  only  two  of  these  does  the  final 
electrocardiogram  inchcate  definite  left  ventricular  preponderance  (index 
positive,  two  stars).  In  four  instances  it  indicates  questionable  left 
ventricular  preponderance  (index  positive,  one  star).  In  four  instances 
the  final  curve  shows  a  tendency  toward  left  ventricular  preponderance 
(index  positive,  no  star),  and  in  five  instances,  a  tendency  toward 
right  ventricular  preponderance  (negative  index,  no  star).  If  we  consider 
all  the  curves  made,  instead  of  the  final  curves  alone,  an  abnormal 
degree  of  left  ventricular  preponderance  might,  perhaps,  be  suspected  from 
the  form  of  the  electrocardiogram  in  eight  cases.  It  is  noteworthy  that  in 
five  of  these  eight  cases  the  ventricular  weight  exceeds  300  grams.  Of  the 
remaining  seven  cases  in  wliich  the  electrocardiogram  shows  no  evidence 
of  abnormal  left  ventricular  preponderance  the  ventricular  weight  exceeds 
300  grams  in  none  ;  in  only  one  does  it  exceed  200  grams. 
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Group  II.^L  R  ratio  ISO  to  2-20.  both  indusive,  left  ventricular  pre- 
ponderance within  normal  limit".  Sixteen  of  our  cases  fall  in  this  group. 
The  electrocardiogram  indicates  definite  left  ventricular  preponderance 
in  four  cases,  and  questionable  left  ventricular  preponderance  in  one.  In 
three  of  these  five  cases  the  ventricular  weight  exceeds  250  grams.  In  nine 
cases  the  electrocardiogram  indicates  a  tcndencj'  toward  left  ventricular 
preponderance  :  in  one  instance  the  index  is  zero.  In  one  instance  the 
electrocardiogram  indicates  questionable  right  ventricular  prepontlerance. 
In  none  of  these  eleven  cases  does  the  ventricular  weight  reach  200  grams. 

GroKj)  III.—LR  ratio  1-50  to  1-78  (inclusive),  right  ventricular 
jtreponderance  within  normal  li^nits.  Twenty-one  of  our  cases  fall  in  this 
group.  In  one  case  the  electrocardiogram  indicates  definite  left  ventricular 
preponderance  ;  in  one  case  it  indicates  definite  right  ventricular 
preponderance.  In  both  of  these  cases  the  ventricular  weight  is  low.  In 
seven  cases  the  electrocardiogram  indicates  a  tendency  toward  left  ventricular 
preponderance,  and  in  eleven  cases  a  tendency  toward  right  ventricular 
preponderance  ;  in  one  case  the  index  is  zero.  In  none  of  these  nineteen 
cases  does  the  ventricular  weight  reach  250  grams. 

Group  I  Y. —  LR  ratio  below  1-50,  abnormal  right  ventricidar  preponder- 
ance. In  this  group  there  are  but  seven  cases  ;  in  none  of  these  does  the 
electrocardiogram  indicate  either  definite  or  questionable  right  ventricular 
preponderance.  In  three  cases  it  indicates  a  tendency  toward  right 
v^entricular  preponderance,  and  in  an  equal  niimber  of  cases,  a  tendency 
toward  left  ventricular  preponderance.  In  only  one  of  these  six  cases 
does  the  ventricular  weight  exceed  250  grams.  In  one  case  the  electro- 
cardiogram indicates  definite  left  ventricular  preponderance  ;  in  this  instance 
the  ventricular  weight  is  199  grams.     To  sum  up  in  tabular  form  :  — 


Group. 

Xo.  of 
oases. 

De6nite 

left 
prepond. 

prepond. 

Tend,  to 

left 
prepond. 

Tend,  to 

right 
prepond. 

Quest. 

right 

prepond. 

Definite 

nght 
prepond. 

I. 

15  (.5)* 

2(2) 

6(3)t 

3(0) 

4(0) 

0(0) 

0(0) 

II. 

16(3) 

4(2) 

1(1) 

9(0) 

0(0) 

1(0) 

0(0) 

21  (0) 

1(0) 

0(0) 

7(0) 

11(0) 

0(0) 

1  (0) 

IV. 

7(1) 

1(0) 

0(0) 

3(0) 

3(1) 

0(0) 

"'"' 

*  The  numbers  in  parentheses  indicate  tlie  number  of  cases  in  which  the  ventricular  weight 
exceeds  250  grams. 

■f  If  all  the  cur\-es  taken,  and  not  the  final  curves  alone,  be  considered. 
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There  appears  to  be  a  distinct  relation  bct\\('cn  tlie  ventricular  weight 
and  the  frequency  with  which  tlie  electrocardiographic  signs  of  preponderance 
occur.  Of  our  59  cases,  22  show  L/R  ratios  outside  the  normal  range. 
The  signs  of  definite  or  questionable  preponderance  are  found  5  times  in 
()  instances  in  which  the  ventricular  weight  exceeds  250  grams  ;  they  are 
found  but  4  times  in  the  Ifi  instances  in  which  it  falls  below  this  figure. 
The  signs  of  preponderance  are,  furthermoi-e,  much  more  rehable  when 
the  heart  is  greatly  hypertrophied  than  when  it  is  of  relatively  normal 
weight.  The  ratio  L/R  is  above  the  normal  average  in  every  instance 
in  which  the  signs  of  left  ventricular  preponderance  are  associated  with  a 
ventricular  weight  of  over  250  grams  ;  it  is  below  the  normal  average  in 
2  of  7  cases  in  which  these  signs  are  associated  with  a  ventricular  weight  of 
less  than  250  grams.  When  the  heart  is  of  normal  weight  or  is  only  slightly 
hypertrophied,  there  appears  to  be  very  little  relation  between  the  form  of 
the  electrocardiogram  and  the  ratio  L/R.  The  close  relation  which  is  found 
in  the  .series  of  Lewis  and  Cotton  is  undoubtedly  due  to  the  fact  that  they 
dealt  exclusively  with  greatly  hypertroiihied  hearts  ;  in  only  one  of  the 
fifteen  cases  pubUshed  by  them  does  the  ventricular  weight  fall  below  250 
grams. 

The  relation  between  the  ventricular  weight  and  the  occurrence  of 
preponderance  curves  is  well  shown  by  the  average  values  of  Table  IV. 
In  all  of  those  instances  in  which  the  average  index  indicates  a  conspicuous 
degree  of  right  or  left  i^reponderance,  in  aortic  insufficiency,  in  mitral 
stenosis,  and  in  chronic  hypertension,  the  average  ventricular  weight  is 
high  (250  grams  or  over),  whereas  in  other  groups  of  cases,  in  which  the 
average  L/R  ratio  is  equally  abnormal  but  in  which  the  average  ventricular 
weight  is  low,  the  signs  of  preponderance  are  present  in  a  much  less 
evident  degree. 


The  fall nre  of  a  definite  relation  between  the  form  of  the  electrocardiogram  and 
the  ratio  L/R  u'hen  the  heart  is  of  relatively  normal  treighf. 

Does  the  failure  of  a  definite  relation  between  the  form  of  the  electro- 
cardiogram and  the  ratio  L/R  when  the  ventricular  weight  falls  below 
250  grams  mean  that  we  must  abandon  our  present  conception  of  the  manner 
in  which  preponderance  curves  arise,  and  must  we  attribute  the  apparent 
relation  when  the  heart  is  greatly  hypertrophied  to  as  yet  unknown  causes  ? 
Or  does  it  mean  that  the  ratio  L/R  is  but  one  of  several  factors  determining 
the  form  of  the  ventricular  complex  and  that  its  influence  increases  as  the 
ventricles  increase  in  weight  ?  In  attempting  to  answer  these  questions 
it  is  necessary  to  consider  the  origin  of  preponderance  curves  from  the 
theoretical  standpoint  and  to  examine  certain  factors  which  may  disturb 
the  relation  between  the  L/R  ratio  and  the  form  of  the  electrocardiogram. 
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Relation  of  the  mass  of  the  heart  to  the  ampUticle  of  its  electricil  effects. 
Our  present  conception  of  the  origin  of  preponderance  curves  is  based  upon 
the  fundamental  assumption  that  there  is  a  relation  between  the  mass  of 
tlie  heart  muscle  and  the  magnitude  of  the  potential  difference  which  it 
produces.     Does  such  a  relation  exist  ? 

This  question  is  a  difficult  one  to  answer  ;  for  the  "  manifest  "  potential 
difference  at  the  body  surface  is  a  function  of  many  variables.  It  is  true 
that  the  electrocardiogram  of  an  infant  does  not  differ  materialh-  in 
amplitude  from  that  of  an  adidt,  although  the  heart  of  the  latter  is  many 
times  the  more  massive.  But  this  may  be  due  to  the  fact  that  the  "  manifest  " 
potential  difference  decreases  as  the  distance  of  the  electrodes  from  the 
heart  increases.  We  know  also  that  the  "  manifest  "  potential  difference 
must  vary  with  the  conductivity  of  the  tissues  that  surround  the  heart 
and  with  the  plane  of  the  electrodes,  and  that  variations  in  the  amplitude 
of  the  electrical  deflections  may  occur  with  variations  in  the  contractility  ^ 
of  the  heart  muscle."  These  and  other  .similar  factors  tend  to  obscure  any 
possible  relation  that  may  exist  between  the  ampHtude  of  the  electrocardio- 
gram and  the  weight  of  the  heart.  Since,  however,  most  of  them  must 
affect  the  "  manifest  "  potential  differences  produced  by  the  two  ventricles; 
in  approximately  the  same  way  and  to  the  same  degree,*  they  will  notl 
disturb  a  pos.sible  relation  between  the  relative  mass  of  these  two  chambers"^ 
and  the  relative  amplitude  of  their  respective  electrical  effects. 

Although  the  left  ventricle  is  normally  1-8  times  as  heavy  as  the  right,  ■ 
the  two  chambers  produce  electrical  effects  of  approximately  equal  / 
amphtude.  If  we  hold  that  there  is  a  relation  between  the  mass  of  each 
ventricle  and  the  amplitude  of  the  corresponding  unilateral  electrocardiogram, 
we  must  admit  that  each  gram  of  right  ventricular  muscle  is  equivalent, 
so  far  as  its  electrical  efforts  are  concerned,  to  1-8  grams  of  left  ventricular 
muscle.  Such  a  relation  is  by  no  means  as  impossible  as  it  sounds.  The 
levocardiogram  and  the  dextrocardiogram  are  resultants  ;  each  is  produced 
by  a  combination  of  oppo.sed  forces,  and  its  amplitude  is,  therefore,  a  measure 
of  the  degree  in  which  one  group  of  forces  overbalances  the  other.  The 
distribution  of  the  ventriciUar  muscle  may  be  such  as  to  cause  a  greater 
lack  of  balance  between  the  opposed  forces  of  the  right  ventricle  than 
between  those  of  the  left.  It  is  possible  also  that  the  right  ventricle  is 
more  advantageously  placed  than  the  left  in  that  its  major  electrical  axis 
(the  electrical  axis  at  the  time  when  the  difference  of  potential  is  at  its 


*  The  influence  of  the  conductivity  of  tlie  tissues  which  surround  the  heart  upon  the  form 
and  amplitude  of  the  electiocardiograiii  is  ilitHiult  to  estimate.  If  all  tissues  of  the  body  conduct 
electrical  currents  equally  well,  then  the  ■  mauilest  "  potential  difference  between  two  points  at 
the  body  surface  should  vary  inv(i». ->  ,vnl  ili.  .onductivity  of  the  tissues.  If,  on  the  other 
hand,  the  conductivity  of  the  heart  ::.,m  that  of  the  surrounding  tissues!,  then  the 

poqiortion  of  the  total  current  thai  r  self  will  vary  with  the  relative  conductivity 

of  the  cardiac  tissue  and  the  adja.  -  ft  ventricle  is  surrounded  by  air-containing 

lung  while  the  right  ventricle  lies  a  ij  - .  t;r  and  the  anterior  chest  wall  ;  it  is  possible 

that  this  may  affect  the  relative  ampliiuile  of  the  elYects  of  these  chambers  at  the  body  surface. 
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maximum)  falls  more  nearly  in  the  plane  of  the  three  leads.  And  lastly, 
the  thinness  of  the  wall  of  the  right  ventricle  compared  to  that  of  the  left 
and  possibly  the  arrangement  of  its  conducting  system  may  cause  a  greater 
concentration  of  its  electrical  efforts  in  that,  during  a  part  of  the  Q.R.S. 
interval,  a  greater  percentage  of  the  right  than  of  the  left  ventricular  muscle 
is  simultaneously  passing  into  the  active  state.  Finally,  it  should  be  pointed 
out  that  in  the  bird,  in  wliich  the  left  ventricle  is  more  than  three  times  as 
heavy  as  the  right,  the  levocardiogram  dominates  the  bigram  completely. 

So  far  as  we  can  see,  then,  there  are  no  facts  seriously  in  conflict  with 
the  belief  that  that  there  is  a  relation  between  the  mass  of  the  one  or  the 
other  ventricle  and  the  amplitude  of  the  corresponding  unilateral  electro- 
cardiogram. There  are,  on  the  other  hand,  certain  facts  wliich  suggest  that 
such  a  relation  does  exist.  The  association  of  preponderance  curves  with 
aortic  insufficiency,  mitral  stenosis,  pulmonary  steno.sis,  and  chronic 
hjqjertension  and  their  occurrence  in  the  new-born  is,  at  present,  difficult  to 
explain  on  any  other  basis.  Of  equal  importance  is  the  fact  that  electro- 
cardiograms of  enormous  amplitude  often  accompany  great  cardiac  hyper- 
trophy. The  maximal  deflection  of  the  normal  electrocardiogram  seldom 
exceeds  a  value  of  2  millivolts,  whereas  in  pulmonary  stenosis  deflections 
exceeding  4  miUivolts  are  not  infrequently  encountered  (Fig.  5).  Deflections 
of  this  amplitude  never  occur,  so  far  as  we  know,  in  the  absence  of  great 
hj-per trophy  of  the  heart. 

To  sum  up,  we  may  say  that  the  present-day  theory  of  preponderance 
curves  gives  a  more  simple  and  rational  explanation  of  the  known  facts 
than  any  other  that  has  been  proposed,  and  that  there  are  no  facts  seriously* 
in  conflict  with  it. 

The  influence  of  the  relative  weight  of  the  two  ventricles  and  of  their  absolute 
iveight  upon  the  form  of  the  electrocardiogram  ;  from  a  theoretical  standpoint. 
Typical  preponderance  curves  bear  a  striking  resemblance  to  the  curves  of 

*  Certain  minor  conflicts  should  be  noted.  It  lias  been  pointed  out  tliat  in  left  ventricular 
preponderance  V  is  usually  most  prominent  in  lead  /,  wlxereas  in  right  ventricular  preponderance 
Q  is  usually  iiu.si  ].ic.niiiuiit  m  l.ad  ///.  Tliis  deflection  is  thought  to  be  produced  by  the 
activation  of  tl..-  uii.i  stpmin,  and  since,  when  the  two  ventricles  receive  the  impulse 
simtiltaneously,  tho  cxiitatiou  wave  spreaduig  from  the  right  conducting  system  and  that 
spreading  from  the  loft  conducting  system  should  meet  at  the  centre,  approximately,  of  the 
upper  septum,  regardless  of  the  t\-pe  or  degree  of  hj-pertrophy  present,  it  is  difficult  to  see  why 
the  form  of  Q  should  depend  upon  the  relative  weight  of  the  two  ventricles.  Our  ideas  concerning 
the  origin  of  Q  may,  however,  be  erroneous. 

It  is  also  true  that  in  certain  cases  of  left  ventricular  preponderance  there  is  a  definite  .S' 
deflection  in  lead  /  and  a  corresponding  final  upward  deflection  in  lead  ///.  According  to  our 
present  ideas,  these  deflections  must  be  right  ventrictilar  effects.  How  is  it  possible  for  a  right 
ventricular  effect  to  show  itself  at  the  end  of  the  Q.  R.S.  inter\al  when  there  is  great  preponderant 
hjT^ertrophy  of  the  left  ventricle  ?  If  the  two  ventricles  receive  the  impulse  simultaneously, 
the  spread  of  the  excitation  wave  sho\ild  te  complete  on  the  right  side  before  it  is  complete  on 
the  left,  and  even  if  it  is  not,  the  left  ventricular  effects  should  predominate. 

And,  lastly,  if  preponderant  hj-pertropliy  of  the  one  or  the  other  ventricle  produces 
characteristic  modifications  of  Q.  R.S.',  w)iy  does"  it  not  produce  cliaract eristic  modifications  of  T  ? 
It  is  possible,  of  course,  that,  since  T  is  mucli  more  readily  modified  by  various  factors  than  is 
Q.R.S.,  its  variability  of  form  in  preponderant  li\-]  ertrophy  may  be  the  result  of  the  myocardial 
changes  that  accompany  most  forms  of  heart  disease. 
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bundle  branch  block  ;  in  the  one  instance  the  effects  of  one  ventricle 
overbalance  the  effects  of  the  other  ;  in  the  other  instance  the  effects  of  one 
ventricle  precede  the  effects  of  the  other.  When  these  curves  are  analysed 
it  appears  that  their  peculiarities  of  form  are  due  chiefly  to  the  abnormal 
position  of  the  major  electrical  axis.  Xow  the  po.sition  of  the  major  electrical 
axis  is  dependent  (see  Fig.  1)  upon  the  relative  magnitude  and  not  upon  the 
difference  in  magnitude,  of  the  potential  differences  produced  by  the  two 


A.  A  diagram  Illustrating  the  manner  in  which  right  and  left  veutriciJar  effects  combine  when 
the  heart  is  normal.  R. — Electrical  axis  of  the  right  ventricle.  L. — Electrical  axis  of  the 
left  ventricle.      JS.— KestUtant  electrical  axis. 

B.  A  similar  diagram  illustrating  the  manner  in  which  right  and  left  ventricular  effects 
combine  when  the  left  ventricle  is  greatly  hypertrophied. 


ventricles.  Other  factors  being  the  same,  the  form  of  the  electrocardiogram 
(i.e.,  the  position  of  the  major  electrical  axis)  should  vary  ■with  the  L! R 
ratio  ;  the  amphtude  of  the  electrocardiogram  should  vary  with  the  weight 
of  the  ventricular  muscle.  Why,  then,  do  we  find  that  large  hearts  are  luore  \ 
prone  to  j-ield  preponderance  curves  than  are  small  hearts  with  equally  \ 
abnormal  L'R  ratios  ?  In  the  first  place  it  is  probable  that  other  factors, 
such  as  the  arrangement  of  the  ventricular  conducting  system,  which  influence 
the  form  of  the  electrocardiogram,  disturb  the  effect  of  the  ratio  L  R  less 
when  the  heart  is  greatly  hypertrophied  than  when  it  is  of  relatively  normal 
size.  In  the  second  place,  although  the  normal  right  ventricle  produces 
effects  of  greater  amphtude,  in  proportion  to  its  mass,  than  the  left,  it  does  so, 
according  to  oiu-  theory,  because  of  certain  factors  previously  mentioned 
wliich  can  hardly  escape  modification  when  the  heart  hypertrophies. 
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Comp/irison  of  the  Z  — TS  R  value  and  the  electrocardiogram. 

Since  it  is  usual,  in  judging  the  degree  of  preponderance  shown  ))y  the 
electrocardiogram,  to  consider  the  amplitude  as  well  as  the  direction  of  the 
chief  deflections,  and  since  preponderance  curves  are  more  prone  to  occur 
with  large  than  with  small  hearts,  it  seems  logical,  when  comparing 
electrocardiographic  and  post-mortem  observations,  to  substitute  for  the 
ratio  L/R  some  figure  which  is  in  part  dependent  upon  the  ventricular 
weight.  Such  a  figure  may  be  obtained  by  subtracting,  from  the  weight 
of  the  left  ventricle,  1-8  times  the  weight  of  the  right. 

In  Table  V  we  have  arranged  our  cases  in  the  order  determined  by  the 
L  ~  ISR  value,  and  in  Table  VI  we  have  arranged  in  the  same  way  the  nine 
cases  pubUshed  by  Lewis,  the  six  cases  published  by  Cotton,  and  all  of  our 
own  cases  in  which  the  ventricular  weight  exceeds  250  grams.  These 
tables  indicate  that,  on  the  whole,  there  is  a  closer  relation  between  the  form 
of  the  electrocardiogram  and  the  L—  18  R  value  than  bet\\een  the  form  of 
the  electrocardiogram  and  the  ratio  L/R.  We  find,  for  instance,  definite 
or  questionable  preponderance  in  all  but  one  of  the  seven  cases  (Table  VI) 
in  which  the  L—IS  R  value  is  greater  than  70  or  less  than  —70,  and  the 
discordances  which  occur  in  cases  with  abnormal  L/R  ratios  but  relative 
normal  ventricular  weights  (Table  V)  are  rendered  much  less  conspicuous. 
Nevertheless,  the  L—IS  R  value  and  the  form  of  the  electrocarcUogram 
fail  to  correspond  in  many  instances,  and  occasionally  notable  discrepancies 
between  them  are  encountered.  Some  of  these  are  due,  perhaps,  to  the 
failure  of  the  normal  1/1-8  ratio  to  hold  when  the  heart  hypertrophies  ; 
others  are  probably  due  to  factors  still  to  be  considered. 

Errors  in  determining  the  ratio  L/R.  In  a  previous  section  of  tliis 
article  we  have  estimated  the  maximal  error  in  the  ratio  L/R  due  to 
inaccuracy  in  sectioning  the  heart  to  be  about  0-13.  A  case  which  falls 
near  the  upper  limit  of  a  group  (page  99)  may,  had  the  cuts  been  made 
mthout  error,  have  fallen  in  the  next  higher  group  ;  a  case  which  falls  near 
the  lower  limit  of  a  group  may  have  fallen  in  the  next  lower  group.  It  is 
clear,  therefore,  that,  even  if  we  assumed  that  the  maximal  error  occurred 
in  every  case,  our  chief  conclusions  as  to  the  relation  between  the  form  of 
the  electrocarcUogram  and  the  ratio  L/R  would  not  be  greatly  altered. 
But  as  shown  by  Table  III,  and  by  a  comparison  of  our  normal  averages 
with  those  of  Lewis  (Table  IV),  the  error  in  determining  the  L/R  ratio  is 
usually  very  small. 

Changes  in  the  ratio  L/R  between  the  last  electrocardiographic  examination 
and  death.  It  has  been  shown  by  Stewart"  that  when  aortic  insufficiency 
is  produced  in  dogs  the  heart  may  be  definitely  hypertropliied  at  the  end 
of  the  first  week  ;  comparatively  Uttle  hypertrophy  takes  place  after  the 
fourth  week.  Unless,  therefore,  tiie  final  electrocardiogram  is  taken  within 
a  few  days  of  death,  a  change  in  the  ratio  L/R  may  take  place  after  it  is  made. 
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In  the  majority  of  our  cases  only  a  few  days  elapsed  between  the  last 
electrocardiographic  examination  and  death  ;  furthermore,  the  disease  pro- 
cess present  was  in  most  instances  of  long  standing,  so  that  it  is  improbable 
that  hypertrophy  of  the  heart  was  taking  place  rapidly  when  our  observations 
were  made.  In  those  cases  in  wliich  the  patient  was  under  observation 
for  a  long  time,  and  in  which  a  series  of  curves  was  made,  all  of  the  curves 
were  usually  almost  identical  in  form,  and  in  no  instance  did  t\\e\  indicate 
a  progressive  increase  or  decrease  in  right  or  left  ventricular  preponderance. 

Variations  in  the  position  of  the  heart.  It  has  been  lield  by  some  that 
these  abnormalities  of  the  electrocardiogram,  which  are  now  beheved  to  be 
due  to  preponderant  liypertrophy  of  the  one  or  the  other  ventricle,  might 
arise  through  abnormal  variations  in  the  position  of  the  heart.  That 
somewhat  similar  curves  may  be  produced  by  rotation  of  the  heart  about 
its  anterior-posterior  axis  may  be  demonstrated  in  a  very  simple  way. 
To  determine  the  effect  of  counterclock^^•ise  rotation  of  60  degrees  it  is 
necessary  only  to  substitute  lead  //  for  lead  /,  lead  ///  for  lead  //.  and  lead  /. 
inverted,  for  lead  III ;  the  inverted  lead  must  be  read  from  right  to  left. 
By  repeating  this  process  the  effect  of  rotating  the  heart  120,  180,  or  240 
degrees  may  be  seen.  By  reversing  the  process  the  effect  of  clockwise 
rotation  may  be  estimated.  If  these  procedures  are  carried  out  upon  a 
normal  electrocardiogram,  it  will  be  seen  that  counterclockwise  rotation 
of  the  heart  gives  a  pictirre  resembling  that  of  left,  and  clockwise  rotation, 
a  picture  resembUng  that  of  right  ventricular  preponderance.  It  will  be 
e\'ident,  however,  that  rotation  of  the  heart  produces  abnormalities  of  P 
and  T  wliich  do  not  occur  in  preponderance  curves,  and  that,  furthermore, 
in  order  to  produce  curves  which  resemble  many  of  the  curves  obtained 
from  patients  with  preponderant  hypertrophy  of  one  ventricle,  a  much 
greater  rotation  of  the  heart  is  necessary  than  could  possibly  take  place  in 
the  bodj'.  This  has  already  been  pointed  out  by  other  writers.^'  It  is 
clear,  then,  that  rotation  of  the  heart  about  an  anterior-posterior  axis  cannot 
account  for  preponderance  curves  of  typical  form.  It  is  also  known  that 
displacement  of  the  heart  without  rotation,  such  as  is  brought  about  by 
pleiu-al  effusion,  or  pneumothorax,  has  but  little  effect  upon  the  form  of  the 
electrocardiogram.  Regarding  the  effects  of  rotation  of  the  heart  about 
its  long  axis  or  about  a  vertical  axis,  we  know  very  little.* 

That  the  form  of  the  normal  electrocardiogram  is  to  a  considerable 
degree  dependent  upon  the  position  of  the  heart  is  well  known.  It  is  a 
matter  of  common  observation  that  short,  stout  individuals  (h\-persthenic 
habitus)  ^nth  transversely  placed  hearts  usually  \-ield  electrocardiograms 
in  which  lead  ///  is  the  lead  of  least  amplitude,  not  only  with  respect  to  Q.R.S. 
but  also  with  respect  to  P  and  T.     It  is  in  this  type  of  individual  that  Q.  R.S. 


*  Boden  and  Xeukirch  {Pfliiger's  Archiv.,  1918,  clxxi,  146)  believe  that  preponderance 
cur\;es  may  be  produced  by  rotation  of  the  heart  about  its  long  axis.  Their  experiments  upon 
the  isolated  hiunan  and  animal  heart  are  not,  it  seems  to  us,  convincing. 
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of  lead  ///  is  often  of  bizarre  form  ;  the  inversion  of  T3  in  association 
with  these  pecuUar  Q.R.S.  complexes,  may  be  attributed  to  the  transverse 
IJosition  of  the  heart.  Individuals  of  slender  build  with  vertically  placed 
hearts  (tisthenic  habitus)  usually  yield  electrocardiograms  of  the  opposite 
tyije  in  which  lead  /  is  the  lead  of  least  ampHtude.  In  both  types  of 
indi\aduals  notable  exceptions  occur. 

The  effects  of  abnormal  variations  in  the  position  of  the  normal  heart 
upon  the  form  of  the  electrocardiogram  may  be  estimated  by  studj-ing  the 
effects  of  deep  inspiration  and  forced  expiration.  Thirty  experiments  of 
this  type  were  carried  out  by  one  of  us  on  a  series  of  healthy  male  subjects. 
To  give  some  idea  of  the  range  of  the  effects  observed,  the  results  of  five  of 
these  experiments  are  given  in  Table  VII.  From  these  figures  it  is  clear 
that  positive  indices  may  become  negative  as  the  result  of  deep  inspiration 
and  that  negative  indices  may  become  positive  as  the  result  of  forced 
expiration.  Normal  curves  in  wliich  lead  ///  is  the  lead  of  least  amplitude 
are  almost  always  converted  by  deep  inspiration  into  curves  in  which  lead  / 
is  the  lead  of  least  amplitude.  Sometimes,  though  less  often,  ciu-ves  of  the 
latter  type  are  converted  into  curves  of  the  former  tj'pe  bj' forced  expiration. 
In  our  experience,  normal  cui'ves  have  never  been  converted  by  respiratory 
experiments  into  curves  in  which  lead  //  was  the  lead  of  least  ampHtude. 
In  some  instances  normal  curves  are  converted  by  forced  expiration  into 
curves  which  suggest  questionable  or  slight  left  ventricular  preponderance 
(Cases  551  and  527,  Table  VII).  Deep  insijiratiou,  on  the  other  hand, 
almost  never  converts  a  curve  of  the  normal  type  into  a  curve  suggestive  of 
right  ventricular  preponderance  ;  tliis  is  because  inspiration  almost  invariably 
reduces  the  amplitude  of  all  the  deflections  of  lead  /,  even  when  this  effect 
would  not  be  anticipated.  Thus  in  Case  630  (Table  VII)  Si  is  smaller  in 
inspiration  and  larger  in  expiration,  although  the  principles  of  the  equilateral 
triangle  would  lead  us  to  expect  the  opposite  in  each  instance.  Tliis  is 
probably  because  the  respiratory  changes  in  the  position  of  the  heart  consist 
in  rotation  about  its  long  axis  as  well  as  about  an  anterior-posterior  axis. 

Of  the  effect  of  respiratory  changes  in  the  position  of  the  heart  upon  the 
form  of  the  abnormal  electrocardiogram  we  have  made  no  systematic  study  ; 
the  opinions  expressed  below  are  based  on  many  isolated  observations,  but 
further  experience  may  require  us  to  revise  them.  Typical  right  preponder- 
ance curves  are  seldom  very  much  altered  by  respiratorj'^  experiments  : 
contrary  to  what  might  be  expected,  inspiration  often  renders  the  signs  of 
right  preponderance  less,  rather  than  more,  conspicuous.  Left  ventricular 
preponderance  ciu-ves.  on  the  other  hand,  are  often  changed  profoundly. 
Curves  in  wliich  lead  /  is  the  lead  of  least  ampHtude  (with  reference  to 
Q.R.S.)  are  frequently  converted  into  curves  of  the  normal  type  by  deep 
inspiration.  Curves  in  wliich  lead  //  is  the  lead  of  least  amplitude  are  often 
converted  into  curves  in  wluch  lead  ///  is  the  lead  of  least  amplitude  but 
rarely  into  curves  of  the  normal  type  {i.e.,  curves  in  which  R  is  tallest  in 
lead  //).     Some  of  the  more  conspicuous  changes  in  the  form  of  the  abnormal 
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electrocardiogram,  produced  b_v  forced  respiration,  that  we  have  encountered 
are  shown  in  Figs.  2,  3  and  4.  In  Fig.  2  are  sliown  curves  indicative  of 
questionable  left  ventricular  preponderance  which  were  converted  by  deep 
inspiration  into  curves  indicating  a  tendency  toward  right  ventricular 
preponderance.  In  Fig.  3  curves  indicative  of  definite  left  ventricular 
preponderance  are  converted  by  deep  inspiration  into  curves  of  the  normal 
type.  Another  striking  example  of  a  similar  phenomenon  is  shown  in  Fig.  4  ; 
in  this  instance  the  direction  of  Q.R.8.Z  of  a  curve  indicating  definite  left 
ventricular  preponderance  (index  36)  was  reversed  by  deep  inspiration. 
It  is  evident,  then,  that  curves  indicative  of  definite  left  ventricular 
preponderance,  more  especially  those  in  which  the  major  electrical  axis  is 
nearly  horizontal,  may  be  converted  into  curves  of  the  normal  type  by  a 
change  in  the  position  of  the  heart  such  as  takes  place  when  a  deep  breath 
is  taken. 

To  sum  up  : — Variations  in  the  position  of  the  normal  heart  account 
for  many,  though  not  aU,  of  the  usual  variations  in  the  form  of  the  normal 
electrocardiogram  from  one  individual  to  another. 

Abnormal  or  unusual  variations  in  the  position  of  the  normal  heart  may 
give  rise  to  curves  indicative  of  questionable  left  ventricular  preponderance  ; 
these  curves  are  usually  within  or  just  without  the  normal  range  and  are  of 
the  type  in  which  lead  III  is  the  lead  of  least  amplitude.  Variations  in 
the  position  of  the  normal  heart  seldom  give  rise  to  curves  indicative  of  right 
ventricular  preponderance. 

/  The  signs  of  left  ventricular  preponderance  may  be  absent,  in  cases  in 
"I  which  they  would  ordinarily  be  present.when  the  heart  is  unusually  pendulous. 
These  signs  may  be  exaggerated  when  the  heart  is  transversely  placed. 
The  signs  of  right  ventricular  preponderance  appear  to  be  less  often  disturbed 
'by  such  changes  in  the  position  of  the  heart  as  are  dependent  upon  changes 
in  the  level  of  the  diaphragm  than  are  the  signs  of  left  preponderance. 

Differences  between  the  effects  of  preponderance  of  the  levocardiogram  or 
devtrocardiogram  and  the  effects  of  rotation  of  the  heart.  The  effects  of  rotation 
of  the  heart  may  often  be  distinguished  from  those  of  preponderance  of  the 
levocardiogram  or  dextrocardiogram  ;  the  former  differ  from  the  latter 
in  several  respects. 

(1)  As  has  already  been  noted,  rotation  of  the  heart  produces  changes 
in  P  and  T  similar  to  those  which  it  produces  in  Q.R.S.  ;  preponderance 
of  the  levocardiogram  or  dextrocardiogram  does  not  affect  P  ;  its  effect  i 
upon  T  is  uncertain,  but  in  any  case  it  does  not  affect  T  in  the  same  way  as 
does  rotation  of  the  heart.  In  the  appHcation  of  tliis  knowledge,  however, ! 
considerable  difficulty  arises.  Hearts  which  yield  preponderance  curves  are 
prone  to  show  other  electrocardiographic  abnormalities  due  to  myocardial ' 
changes  in  both  the  auricular  and  ventricular  muscle.  Patients  with  heart 
disease  often  receive  digitalis  which  produces  deformities  of  T.     Very  large 
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hearts  are  usually  transversely  placed  so  that  a  combination  of  the  effects 
of  rotation  and  preponderance  is  obtained.  Little  dependence  can  be 
placed  upon  the  form  of  P  and  T,  therefore,  when  the  heart  is  abnormal, 
in  judging  the  position  of  the  heart  and  its  effects  upon  the  electrocardiogram. 

(2)  It  has  also  been  pointed  out  that  preponderance  of  the  levocardio- 
gram  or  dextrocardiogram  may  produce  changes  in  Q.R.S.  which  could 
not  be  simulated  by  such  an  amount  of  rotation  of  the  heart  as  is  possible 
in  the  body. 

(3)  Unhke  ventricular  preponderence,  displacement  of  the  heart  can 
not  increase  the  magnitude  of  the  greatest  manifest  potential  cUfierence 
produced  by  the  heart.  Since  the  maximal  deflection  represents  not  less 
than  So  per  cent,  (the  cosine  of  30  degrees)  of  the  greatest  manifest  potential 
difference,  rotation  of  the  heart  cannot  materiallj^  increase  the  ampUtude 
of  the  tallest  deflection  of  the  three  leads.* 

(4)  It  has  been  shown*  that  preponderance  curves  show  on  analysis 
a  fairly  uniform  rotation  of  the  electrical  axis  ;  when  the  dextrocardiogram 
prejionderates,  the  rotation  is  clockwdse  ;"  when  the  levocardiogram  pre- 
ponderates, it  is  counterclockwise.  Normal  curves  show  some  movement 
of  the  electrical  axis  but,  usually,  of  a  much  less  uniform  kind.  The  cause 
of  this  difference  between  normal  curves  and  preponderance  curves  is  shown 
in  Fig.  1.  Fig.  l.\  illustrates  the  normal  conditions.  It  is^  assumed  in  tliis 
figure  that  the  electrical  axis  of  the  right  ventricle  shows  a  miiform  clockwise 
rotation  and  that  the  manifest  potential  difference  gradually  increases  until 
late  in  the  Q.R.S.  interval,  when  it  rapidly  decreases.  Similar  assumptions 
are  made  for  the  left  ventricle,  except  that  the  rotation  is  counterclockwise. 
It  is  further  assumed  that  the  manifest  potential  difference  produced  by  one 
ventricle  is  exactly  equal,  at  all  times,  to  the  manifest  potential  difference 
produced  by  the  other  ventricle  at  the  same  instant.  These  assumptions 
correspond  fairly  well  ^^ith  previous  observation.*  When  each  vector  that 
represents  a  right  ventricular  effect  is  combined  -nith  the  corresponding 
left  ventricular  vector  according  to  the  law  that  governs  the  addition  of 
directed  quantities  (parallelogram  of  forces),  all  of  the  resultants  (B^,  B-  and 
B^)  have  the  same  direction  until  late  in  the  Q.  R.S.  interval,  when  there 
is  a  sudden  reversal  of  direction  [B*).  The  counter-clock^\'ise  rotation  of 
the  electrical  axis  of  the  left  ventricle  neutraUses  the  clockwise  rotation  of 
the  electrical  axis  of  the  right,  so  that  the  resultant  electrical  axis  remains 
stationary,  or  nearly  so,  until  late  in  the  Q.R.S.  interval,  when  it  suddenly 
rotates  through   180  degrees.     This  lack  of  rotation  of  the  electrical  axis 

*  Tliis  statement  applies  only  to  rotation  of  the  heart  about  an  anterior-posterior  axis. 
It  has  been  said  that  the  potential  differences  developed  in  the  anterior-posterior  plane  are  much 
greater  than  those  developed  in  the  frontal  plane  (plane  of  the  three  leads).  This  opinion  is 
undoubtedly  based  upon  electrocardiograms  taken  by  anterior-posterior  leads  in  which  the 
electrodes  are  placed  close  to  the  heart  ;  iu  our  experience  the  manifest  potential  difTerences 
in  the  frontal  plane  are  equally  large  when  the  electrodes  are  similarly  placed. 
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during  the  time  when  the  manifest  potential  difference  is  near  its  maximum 
is  well  shown  by  the  anah'ses  of  two  normal  electrocardiograms  given  by 
Lewds  (Tables  IX  and  X,  Lewis/  Part  IV). 

Fig.  iB  illustrates  the  conditions  when  the  levocardiogram  preponderates. 
In  this  figure  the  same  assumptions  are  made  as  for  Fig.  1a,  except  that  it 
is  now  assumed  that  the  manifest  potential  difference  produced  by  the  left 
ventricle  is  always  exactly  twice  as  great  as  that  produced  by  the  right 
ventricle  at  the  same  instant.     As  a  result,  each  succeeding  resultant  is  /  / 
swung  more  and  more  to  the  left,  and  the  counterclockwise  rotation  of  the  '  / 
levocardiogram  is  impressed  upon  the  bigram.     Furthermore,  the  manifest 
potential  difference  tends  to  reach  its  maximum  later  in  the  Q.R.S.  interval  i 
than  is  the  case  normally,  and  the  vector  which  represents  it  points  more 
to  the  left. 

In  so  far  as  ventricular  preponderance  produces  characteristic  rotation 
of  the  electrical  axis,  its  effects  may  be  distinguished  from  those  of  rotation 
of  the  heart  about  an  anterior-posterior  axis,  wMch  does  not  affect  the 
movements  of  the  electrical  axis,  by  analy.sis.  For  ordinary  use  this  is  a 
laborious  and  impractical  method.  Curves  which  show  rotation  of  the 
electrical  axis,  during  the  period  when  the  manifest  potential  difference  is 
near  its  maximum,  maj^,  however,  often  be  distinguished  from  those  that 
do  not  by  inspection.  Certain  simple  tests  may  also  be  applied.  It  will 
be  seen  from  Fig.  1a  that  failure  of  the  electrical  axis  to  rotate  during  the 
inscription  of  R  will  cause  the  chief  deflections  of  the  three  leads  to  be  in 
phase  ;  they  wiU  therefore  obey  the  rule  that 

Lead  /  plus  lead  ///  equals  lead  //.* 
In  preponderance  curves,  on  the  other  hand,  corresponding  peaks  are  seldom 
in  phase  ;  if  the  rotation  of  the  electrical  axis  is  clockwise  the  greatest 
deflection  of  lead  ///  precedes  that  of  lead  /  ;  if  the  rotation  is  counter- 
clockwise this  order  is  reversed. 

Curves  that  show  uniform  rotation  of  the  electrical  axis  do  not,  as  a 
rule,  show  notching  of  the  Q.R.S.  of  least  amplitude  ;  such  notches  are  due 
to  irregularities  in  the  movement  of  the  electrical  axis,  and  especially  to 
changes  in  the  direction  of  its  rotation.!^  For  ob\'ious  reasons  these  are 
prone  to  occur  in  curves  of  the  normal  tj'pe.  When  not  present,  in  the 
original  curves,  notches  may  sometimes  be  brought  out  by  a  respiratory 
test.  The  respiratory  test  shown  in  Fig.  4  brought  out  a  notch  due  to  a 
change  in  the  direction  of  rotation  of  the  electrical  axis  from  counterclockwise 
to  clockwise  ;  this  curve  is  not  a  typical  preponderance  curve  in  so  far  as  it 
does  not  show  uniform  rotation  of  the  electrical  axis. 

*  An  examination  of  30  nonnal  curves  from  this  standpoint  gave  the  following  results  : — • 
if  1  plus  R3  equalled  R2  .  .  . .  . .  . .  .  .  5  instances. 

,,  ,.  ,,  plus  or  minus  0-1    millivolt  16         ,, 

„       015         „  1  „ 

„       0-25         „  .  .  6         ,, 

„  ,,      0-35  to  0-75  millivolt      2         „ 
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The  effects  of  the  positio7i  of  the  heart  upon  the  electrocardiogram  in  our 
series  of  easels.  With  the  considerations  outUned  above  in  mind  we  have  gone 
over  our  cases  to  determine  if  possible  the  part  plaj'ed  by  variations  in  the 
position  of  the  heart  in  causing  the  observed  discordances  between  the 
ratio  L/R  and  the  form  of  the  electrocardiogram.  In  Table  V  we  have 
tabulated  such  data  as  can  be  given  in  condensed  form.  Ascites,  aneurism, 
hydrothorax.  and  other  factors  which  may  cause  displacement  of  the  heart 
are  noted.  In  each  case  the  difference  between  the  sum  of  the  chief 
deflections  of  leads  /  and  ///,  and  the  cliief  deflection  of  lead  //  is  given  ; 
it  may  be  taken  as  a  rough  measure  of  the  lack  of  spichronism  between  the 
chief  peaks,  and  consequently  of  the  amount  of  rotation  of  the  electrical 
axis  during  the  time  when  the  manifest  potential  difference  was  near  its 
maximum.*  In  about  one-half  of  our  cases  X-ray  plates  were  available  ; 
in  each  of  these  instances  we  have  measured  the  angle  between  the  long 
diameter  of  the  ventricular  shadow  and  the  horizontal. f  The  interval  which 
elapsed  between  the  X-ray  examination  and  death  is  given  so  that  the  time 
of  the  X-ray  examination  with  reference  to  the  time  of  the  electrocardio- 
graphic examination  is  shown.  It  should  be  remembered  that  the  X-ray 
plates  were  made  with  the  patient  in  the  erect  posture,  while  the  electro- 
cardiographic curves  were  made  with  the  patients  in  the  supine  or  in  the 
sitting  posture.     Angles  measured  on  telerontgenograms  are  starred. 

It  would  not  be  profitable  to  enter  into  a  discussion  of  the  part  played 
by  the  position  of  the  heart  in  determining  the  form  of  the  electrocardiogram 
in  individual  cases  ;  in  a  great  manj'^  instances  no  definite  opinion  can  be 
formed.  It  may  be  responsible  for  many  of  the  minor  discordances  between 
the  ratio  L/R  and  the  form  of  the  electrocardiogram  that  we  have  encountered 
(see  Cases  29  and  55)  ;  and  it  may  have  exaggerated  some  of  the  major 
discordances.  It  does  not  offer  a  satisfactory  explanation  of  such  discord- 
ances as  occur  in  Cases  2,  3  and  42.  In  our  opinion  it  is  to  be  considered 
but  one  of  many  factors  which  disturb  the  relation  between  the  form  of 
the  Q.R.S.  group  and  the  relative  weight  of  the  two  ventricles. 

Disturbances  of  intraventricular  conduction  and  the  arrangement  of  the 
ventricular  conducting  system.  The  aberrant  electrocardiograms  produced  by 
lesions  which  prevent  the  passage  of  the  impulse  through  one  of  the  chief 
branches  of  the  His-bundle  and  their  superficial  resemblance  to  preponderance 
curves  require  no  comment.  Recently,  we  have  shown  that  lesions  which 
delay  the  passage  of  the  impulse  througli  one  of  the  bundle  branches  may 
produce  curves  which  resemble  preponderance  curves  verj'  closely'*.     This 

*  In  studj-ing  our  cases  with  reference  to  the  amomit  of  rotation  of  the  electrical  axis  shown 
by  the  cun'es,  we  have  not  considered  this  figure  by  itself  ;  it  has  been  used  in  connection  with 
inspection  of  the  electrocardiograms. 

t  Tlie  plates  were  kintll,\  supplied  by  Dr.  Sherwood  Moore  of  Washington  University.  Tlie 
measurements  were  made  for  us  by  Dr.  J.  G.  Van  Zwaluwenburg  of  the  X-ray  Department, 
University  of  Jlichigan. 
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luad  previously  been  suspected  by  others. '•  i^  Fahr  advanced  the  theory 
that  all  preponderance  curves  were  produced  in  this  way.  He  beUeves 
that  the  curves  which  are  now  generally  attributed  to  preponderance  of  the 
levocardiogram  are  in  reality  due  to  preponderance  of  the  dextrocardiogram 
produced  by  dilatation  of  the  left  ventricle  and  consequent  prolongation 
of  the  left  bundle  branch  and  its  arborizations,  delaying  the  passage  of  the 
impulse  througii  the  left  ventricular  conducting  system.  He  claims  to  liave 
made  certain  measurements  of  the  relative  length  of  the  right  and  left 
conducting  paths,  in  cases  wliich  showed  right  or  left  preponderance  curves 
during  life,  which  support  his  hypothesis.  Rothberger  and  Winterbergi* 
have  shown  that  section  of  the  anterior  subdivision  of  the  left  bundle-branch 
in  the  dog  produces  curves  not  unliive  curves  of  left  ventricular  preponderance 
in  man  ;  section  of  the  posterior  subdivision  of  this  branch  produces  curves 
of  more  or  less  opposite  type. 

It  cannot  be  denied,  therefore,  that  curves  similar  to  those  of 
preponderance  may  be  produced  by  lesions  which  interfere  with  the  normal 
spread  of  the  impulse  through  the  ventricular  conducting  system.  But 
that  all  preponderance  curves  arise  in  this  way  cannot  be  held  at  present, 
for  the  follo^\'ing  reasons  :  — 

1.  The  preponderance  curves  of  the  new-born  infant  cannot  be 
explained  on  this  basis.  It  may  be  that  the  ventricular  conducting  system 
of  the  new-born  infant  differs  from  that  of  the  adult ;  at  present,  however, 
we  have  no  foimdation  for  such  an  assumption. 

2.  The  curves  which  result  from  disturbances  of  intraventricular 
conduction  are  almost  invariably  diphasic  when  they  differ  greatly  from 
curves  of  the  normal  type.  This  is  more  especially  the  case  when  Q.R.S. 
is  of  great  amphtude  ;  in  leads  of  very  small  amplitude  Q.R.S.  and  T  may 
have  the  same  direction  even  in  complete  bundle  branch  block.  Although 
preponderance  curves  show  a  greater  tendency  to  be  diphasic  than  do  normal 
curves,  they  are  often  not  diphasic,  even  when  of  the  most  exaggerated 
type  (Fig.  5). 

3.  Although  conduction  disturbances  often  give  rise  to  curves  of 
unusually  large  ampUtude,  they  seldom,  if  ever,  give  rise  to  curves  of  enormous 
amplitude  such  as  are  sometimes  seen  in  pulmonary  stenosis  (Fig.  5). 

■1.  Preponderance  curves  seldom  or  never  develop  suddenly.  Bundle 
branch  block  curves,  although  they  are  much  less  common  than  preponderance 
curves,  have  frequently  been  observed  to  develop  over  night  ;  so  far  as  we 
know,  preponderance  curves  have  never  been  observed  to  develop  within 
a  brief  period  of  time.  They  are  much  more  stable  than  we  should  expect, 
if  they  were  due  to  lesions  of  the  conducting  system.  Even  if  they  are  to  be 
attributed  to  dilatation  of  the  one  or  the  other  ventricle,  as  Fahr  beUeves, 
we  should  expect  them  to  appear  or  disappear  quickly  in  some  cases. 
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5.  The  relation  of  right  ventricular  preponderance  curves  to  pulmonary 
stenosis  and  to  mitral  stenosis,  and  of  left  ventricular  preponderence  curves 
to  aortic  insufficiency  and  to  chronic  hypertension,  is  difficult  to  explain, 
if  we  attribute  preponderance  curves  to  disturbances  of  intraventricular 
conduction,  unless  Fahr's  hypothesis  be  adopted.* 

With  the  hope  of  gaining  some  further  evidence  bearing  ujion  the 
influence  of  the  relative  dilatation  of  the  two  ventricles  upon  the  form  of  the 
electrocardiogram,  we  measured  the  capacity  of  each  ventricle  in  a  number 
of  our  cases  by  a  method  which  has  already  been  described.  These 
measurements  are  given  in  Table  V.  It  \^-ill  be  seen  at  once  that  the  relative 
dilatation  of  the  two  chambers,  determined  by  this  method,  plays  no 
appreciable  part  in  determining  the  form  of  the  ventricular  complex.  It  is 
unquestionably  true,  however,  that  the  volumes  of  the  ventricular  cavities 
after  death  bear  no  definite  or  constant  relation  to  their  volumes  during  hfe, 
when  the  electrocardiograms  are  made.  We  include  the  measurements, 
realising  that  thej-  are  of  doubtful  value,  because  such  measurements  have 
been  suggested  and  because  they  have  a  bearing  upon  the  tyj^e  of  measure- 
ments that  Fahr  claims  to  have  made.  We  include,  also,  measurements 
of  the  tliickness  of  the  lateral  wall  of  each  ventricle.  It  wiU  be  seen  that 
between  these  and  the  measurements  of  the  ventricular  capacities  there  is  a 
sort  of  reciprocal  relation  ;  dilated  ventricles  have  thin  walls  ;  contracted 
ventricles,  thick  walls. 

That  lesions  of  the  ventricTilar  conducting  system  were  responsible 
for  lack  of  agreement  between  the  ratio  L/E  and  the  form  of  the  electro- 
cardiogram in  some  of  our  cases  is  probable  ;  in  none  of  our  cases  can  we 
feel  certain  that  this  was  the  case.  None  of  the  electrocardiograms  show 
definite  prolongation  of  the  Q.R.S.  interval  :  only  two  show  an  increase 
in  the  P-R  interval,  and  in  both  of  these  it  is  very  shght  (Cases  S  and  25). 
In  two  instances  the  electrocardiograms  are  definitelj'  diphasic  (Cases  1 
and  42)  and  conduction  defects  may  have  been  present  in  these. 

There  is  a  factor  related  to  disturbances  of  intraventricular  conduction 
that  requires  discussion  here  ;  we  refer  to  the  arrangement  of  the  ventricular 
conducting  system.  It  has  been  shown*  that  in  the  dog  striking  variations 
in  the  arcliitecture  of  the  conduction  sj'stem  of  the  left  ventricle  occur. 
That  similar  variations  in  the  arrangement  of  the  ventricular  conducting 
system  occur  in  man  is  hardlj-  to  be  doubted  ;  it  is  probable  that  it  is  upon 
the  architecture  of  this  system  that  the  individuality  of  the  normal  electro- 
cardiogram chiefly  depends.     It  seems  Ukely  that  in  most  individuals  both 

*  This  is  not  the  place  to  discuss  Fahr's  general  hjTX)thesis,  that  what  we  now  regard  as  left 
ventricular  effects  are  in  reality  right  ventricular  effects,  in  detail.  It  is  based  almost  wholly 
upon  theoretical  considerations  which  we  regard  as  precarious.  Fahr  has  disregarded  many 
facts  that  are  not  in  accord  with  his  theory  ;  the  form  of  the  bimdle  branch  block  curves  of  the 
Rhesus  monkey,*  for  example.  Until  he  is  able  to  bring  his  theory  more  into  accord  with  past 
observation  and  tuitil  he  is  able  to  support  it  by  new  experimental  evidence,  we  shall  find  difficulty 
in  accepting  it. 
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ventricles  do  not  receive  tlie  impulse  at  exactly  the  same  time  ;  in  those  in 
which  Q  is  largest  in  lead  ///  and  *S'  in  lead  /,  tlie  right  ventricle  may  receive 
the  impulse  in  advance  of  the  left  ;  in  other  cases  the  left  ventricle  precedes 
the  right.  In  those  indi\nduals  who  normally  exhibit  curves  of  the 
preponderance  type,  the  precedence  of  one  ventricle  over  the  other  mtxy  be 
unusually  great,  although  not  of  the  same  grade  as  that  seen  in  pathological 
cases. 

We  have  already  pointed  out  that  the  position  of  the  heart  has  an 
important  influence  upon  the  form  of  the.  normal  electrocardiogram;  its 
effect  is  usually  combined  with  that  of  the  arrangement  of  the  ventricular 
conducting  system  in  such  a  way  that  the  most  important  of  the  two  factors 
cannot  be  determined.  Occasionally,  however,  this  is  jjossible.  In  Fig.  G 
is  shown  the  electrocardiogram  of  a  young  woman  of  unusually  stout  build  ; 
in  this  instance  the  form  of  the  electrocardiogram  is  determined  largely  by 
the  transverse  position  of  the  heart.  P,  Q.R.S.,  and  T  are  all  of  small 
ampUtude  in  lead  /// ;  Q.R.S.  and  T  are  inverted.  In  Fig.  7  the 
electrocardiogram  of  a  j'oung  woman  of  average  build  is  shown  ;  in  this 
instance  the  form  of  the  electrocardiogram  is  determined  mainly  by 
precedence  of  the  right  ventricle.  T3  is  inverted  here  also,  but  in  this 
instance  R3  is  tall  ;  T  is  largest  in  lead  /,  which  shows  a  conspicuous  S 
deflection  ;  Q  is  present  in  lead  ///  alone.  The  form  of  P  indicates  that 
the  heart  is  of  the  pendulous  type,  but  the  position  of  the  heart  cannot 
account  for  the  diphasic  character  of  leads  /  and  ///. 

If  it  be  admitted  that  the  arrangement  of  the  ventricular  conducting 
system  may  be  such  that  one  ventricle  receives  the  impulse  shghtly  in 
advance  of  the  other,  then  it  seems  probable  that  certain  incUviduals 
develop  preponderance  curves  as  a  result  of  alteration  of  the  ratio  L/R  more 
readily  than  others.  If,  for  instance,  some  pecuUarity  of  the  conducting 
system  gives  rise  in  a  certain  individual  to  curves  which  suggest  shght  right 
ventricular  i^reponderance,  it  will  probably  take  a  much  greater  relative 
preponderance  of  the  left  ventricular  muscle  to  produce  the  signs  of  left 
ventricular  preponderance,  than  in  an  individual  with  a  conducting  system 
of  the  opposite  type.  Our  knowledge  is  insufficient,  however,  to  determine 
how  these  two  factors,  the  arrangement  of  the  conducting  system  and  the 
relative  weight  of  the  two  ventricles,  will  react  with  one  another  under 
various  conditions. 

Discussion  of  individual  cases.  To  explain  satisfactorily  the  lack  of 
agreement  between  the  ratio  L/R  and  the  form  of  the  ventricular  complex 
in  individual  cases  is  difficult  or  impossible.  It  would  be  unprofitable, 
therefore,  to  discuss  a  large  number  of  our  cases  in  detail.  We  have  selected 
four  of  the  important  ones  for  special  comment. 

Case  2.  L/R  ratio,  3-59.  Electrocardiogram  shows  no  left  ventricular 
preponderance  (Fig.  8a).  The  patient,  a  girl  aged  14,  was  under  observation 
from    May   27th,    1920,   until  death,   July   9th,   1920.     During  this  period 
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four  electrocardiograms  were  made ;  all  of  these  are  very  much  ahke, 
except  that  the  later  ones  show  inversion  of  T  due  to  the  administration  of 
digitalis.  The  final  curve  was  taken  20  days  before  death,  and  it  seems 
unlikely  that  any  change  in  the  ratio  L/R  took  place  during  this  period  ; 
the  symptoms  had  been  present  for  about  one  year.  The  heart  was 
definitely  enlarged  (apex  14  cm.  from  the  midUne)  and  hypertrophied 
(ventricular-weight/body-weight  ratio,  000590).  There  was  no  cause  for 
cardiac  displacement  except  a  small  collection  of  pus  in  the  right  pleural 
cavity.  The  electrocardiogram  is  of  the  normal  type  and  does  not  suggest 
wide  rotation  of  the  electrical  axis  during  the  inscription  of  R,  which  is 
notched  in  lead  /.  The  curves  show  no  evidence  of  conduction  defects. 
The  failure  of  the  electrocardiogram  to  show  left  ventricular  preponderance 
is  difficult  to  explain. 

Case  3.  L/R  ratio,  2-86.  Electrocardiogram  shows  no  left  ven- 
tricular preponderance  (Fig.  8b).  The  patient  was  under  observation 
from  February  27th,  1920,  until  death,  June  6th,  1920.  During  this  period 
a  number  of  electrocardiograms  were  taken  ;  all  of  these  are  practically 
identical  in  form.  Examination  of  the  patient  on  admission  showed 
no  cardiac  enlargement ;  there  was  aortic  insufficiency  due  to  a 
streptococcus  viridans  endocarditis.  The  patient  grew  worse  gradually,  but 
did  not  develop  heart  failue  until  near  the  end  of  his  illness.  The  last  curve 
was  made  38  days  before  death,  and  it  is  possible  that  there  was  some  change 
in  the  ratio  L/R  after  this  examination.  The  X-ray  examination  showed 
a  long  tortuous  aorta  and  a  transverse  ventricular  shadow,  so  that  the 
position  of  the  heart  cannot  be  held  responsible  for  the  failure  of  the 
electrocardiogram  to  show  left  ventricular  preponderance.  The  curves  show 
no  evidence  of  conduction  defects  ;  they  are  normal  in  all  respects,  and  are 
of  the  type  which  suggests  sHght  precedence  of  the  right  ventricle.  We  are 
inclined  to  attribute  the  lack  of  agreement  between  the  ratio  L/R  and  the 
form  of  the  electrocardiogram  in  this  instance  to  the  shght  degree  of 
ventricular  hjqjertrophy  present,  to  change  in  the  ratio  L/R  after  the  last 
electrocardiographic  examination,  and  to  the  arrangement  of  the  ventricular 
conducting  system. 

Case  42.  L/R  ratio,  1-65.  Electrocardiogram  shows  definite  left 
ventricular  preponderance  (Fig.  8c).  This  patient  was  under  observation 
from  August  17th,  1920,  until  death,  September  13th,  1920.  Two  curves 
were  made  ;  these  are  very  much  aUke,  except  that  the  final  one  shows 
a  curious  notching  of  T  ;  it  was  taken  one  day  before  death.  There  was  no 
cause  for  displacement  of  the  heart,  and  the  form  of  the  curves  could  not,  in 
any  case,  be  explained  on  this  basis.  They  are  diphasic,  and  suggest  consider- 
able rotation  of  the  electrical  axis.  The  Q.R.S.  and  P~R  intervals  are 
within  normal  limits.  We  are  incUned  to  attribute  these  curves  to  conduction 
defects  or  to  an  unusual  arrangement  of  the  ventricular  conducting  system. 

Case  54.  L/R  ratio,  1-45.  Electrocardiogram  shows  definite  left 
ventricular  preponderance    (Fig.    8d).     This  jjatient  was  admitted  to   the 
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hospital  on  four  different  occasions  ;  two  electrocardiograms  were  made, 
the  final  one  63  days  before  death,  the  other  about  one  year  earlier.  Both 
indicate  definite  left  ventricular  preponderance.  The  curves  are  of  the  type 
associated  with  a  nearly  horizontal  major  electrical  axis,  and  they  do  not 
suggest  wide  rotation  of  the  electrical  axis  during  the  inscription  of  the 
chief  deflections.  They  are  not  diphasic  :  T  is  inverted  in  lead ///.  Q.R.S. 
of  lead  ///  is  deeply  notched  toward  the  end  of  the  Q.R.S.  interval.  There 
were  ascites  and  tympanites  at  the  time  of  the  last  examination.  It  is 
possible  that  a  transversely  placed  heart  was  in  part  responsible  for  the  form 
of  the  electrocardiogram.  The  form  of  P,  which  is  taller  in  lead  ///  than  in 
lead  /,  and  the  large  amplitude  of  Q.R.S.  is  somewhat  against  this  view.  An 
unusual  arrangement  of  the  ventricular  conducting  system  may  have  been 
a  contributor}^  factor. 

Remarks  ujion  indices.  During  the  last  few  j^ears,  a  belief  that  there 
is  a  close  relation  between  the  form  of  the  electrocardiogram  and  the  ratio 
LjR  has  led  several  observers  to  advocate  the  use  of  numerical  indices  to 
express  the  degree  of  right  or  left  ventricular  preponderance  shown  by  the 
electrocarcUogram.  White  and  Bocki-*  advocate  an  index  similar  to  the  one 
used  in  tliis  article.  Carter  and  Greene^  prefer  an  index  based  upon 
Einthoven's  eqmlateral  triangle  ;  their  index  is  intended  to  express  in  degrees 
the  position  of  the  major  electrical  axis  ;  whether  it  dqes  so  or  not  need  not 
be  discussed  here.  We  have  computed  tliis  index  in  each  of  our  cases  ;  it 
is  given  in  Table  V.  None  of  the  indices  so  far  proposed  are  of  anj-  precise 
value  in  distinguishing  between  the  effects  of  rotation  of  the  heart  and  of 
conduction  defects,  on  the  one  hand,  and  the  effects  of  an  abnormal  Lj R 
ratio,  on  the  other.  They  are  greatly  inferior  to  simple  inspection  of  the 
electrocardiogram. 

Conclusions. 

The  relative  weight  of  the  two  ventricles  is  but  one  of  many  factors 
which  influence  the  form  of  the  ventricular  complex  of  the  electrocardiogram. 
Its  influence  predominates  only  when  the  heart  is  greatly  hj-pertrophied. 
There  is  no  definite  relation  between  the  form  of  the  ventricular  complex 
and  the  relative  weight  of  the  two  ventricles  when  the  ventricular  weight 
is  below  250  grams. 

The  chief  factors  which  disturb  the  relation  between  the  form  of  the 
electrocardiogram  and  the  relative  weight  of  the  two  ventricles,  so  it  is 
suggested,  are  :  (1)  variations  in  the  position  of  the  heart,  (2)  variations  in 
the  arrangement  of  the  ventricular  conducting  sy.stem,  and  (3)  disturbances 
of  intraventricular  conduction. 

The  form  of  the  normal  electrocardiogram  is  not  determined  by  the 
relative  weight  of  the  two  ventricles  :  it  is  chiefly  dejjendent  upon  the  position 
of  the  heart  and  upon  the  arrangement  of  the  ventricular  conducting  system  ; 
sometimes  one,  sometimes  the  other,  of  these  factors  exerts  the  greater 
influence. 
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TABLE  \.— Pathological  findings. 


No.  No,       1       Sex. 


Hcieht     I    Weight        Weignt 


S    j   UK      Wt 


2     22     14F  '   U5     30 


3     19     47  M     175 


47   '  38  M     176     62      015 


liO  F      100 


10     30     76  M 


34      540 


40      385 


351    74-7 


I       I 
750  ,  3-83**  000719 


35-2    2-86   000394  1 


210-5    65-6    2-82*  000615 


391 

85-9 

232-5 

334 

77-3 

202-4 

91 

21-9 

56-4 

72-3  ,  2-72<'*»  0-00.-. 


2-62*   000538 


158  I  36-3    920  '     29-; 


130    32  0    79-3    18-7 


2-53*  0  00465 


2-50   iiOiUS.". 


2-48**  0  00302  i 


48  M     157     45      700     427    105-0    2.59-4   !  62-6   I  2-46**  O-i 
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TABLE   I.— Pathological  findings. 


E.  210  gms.  L.  215  gms. 
Surface  si.  granular.  Chr. 
nephritis. 


R.    103   gms.     L.    .52   gms 
Small  granular  kidneys. 


Vegetations  on  aortic  and       ff.   200  gms.     L.  210  gini 
mitral    flaps.      Aort.    re-  Acute  and  clironic  neplii 

gurg.   (S.   viridans) 


/?.    SO   gins.       /..    80   gms. 
Small  K>d  gran,  kidneys. 


Clir.  degenorat  i ve  paroncl 
mafous  nephr. 


mall  well-organised  vege-       if.   180  gins.      L.   140  gms.  265 

tation    on    aortic     cusp.  Arterinscl.  gran,  kidneys. 

No  regurg.  I 


R.  100  gms.  i.  110  gms. 
Chr.  diffuse  nephr.  with 
cysts.  Arterioles  very 
sclerotic.  Many  fibrotic 
glomeruli.  Very  little 
increase  in  interstitial 
tissue. 


R.   125  gms.     L.   155  gms 
Hydronephrosis  (left). 


R.  480  gms. 
R.  pjoneph: 
pertro])hy. 


255  gms. 
s.     L.  hy- 


Mitral  flaps  and  aortic  cusps 
thickened.  Mitral  regtirg. 


Ac.  and  elir.  vegetative 
endocarditis  involving 
mitral,  aortic  and  tri- 
cuspid segments  (s.  viri- 
dans).    Aortic  roEvirg. 


R.  and  L.  275  gms.  Arte- 
rioscl.  changes  in  vessels 
and  fibrosis  of  many 
glomeruli. 


R.  and   L.  each    120   gms.  180 

Arteriosclerotic  nephritis. 


Mural  thrombi.  Ball  throm- 
bus in  aorta.  Alb.  retinitis. 
Empyema  (Rt.). 

Aortitis  with  early  aneurism 
(s.  viridans).  Ac.  and  chr. 
pericarditis.  Mural  throm- 
bus. 

Great  coronary  scl.  Scl.  of 
peripheral  arteries.  Alb. 
retinitis.     Uraemia. 

Fibrino-purulent  pericarditis 
and  pleurisy.  Alb.  reti- 
nitis.  Ureemia.    Anasarca. 


General  arterioscl.   Alb. 


Considerable  scl.  of  aorta 
and  periplieral  arteries. 
Ascites. 


Syphilitic  aortitis  with  large 
aneurism.  Heart  con- 
siderably displaced.  Aur. 
flutter  and  fib.  General 
arterioscl. 

Mod.  scl.  of  aorta  and  of 
coronary  arteries. 


Mod.  atheroma  of  aorta. 
Some  calc.  of  aorta.  Em- 
physema of  lungs.  Ascites. 


Aorta  atheromatous.  Car- 
diac failure.  Transient  aur. 
fib. 
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•[■AHl.F.    1.       ralhohniirni  Jhiililiqs   {cHtiiiunl). 


No. 

Case 
No. 

'^l: 

Height 
cm. 

WeiRht 
kilos. 

Heart 

\vt. 

Vent. 
Wt. 
gms. 

R 

L 

S 

UR 

Ratio 
Vent. 
Wt. 

12 

9 

44  M 

185 

64 

305 

163 

39-4 

96-7 

26-5 

2-46 

0-00255 

13 

24 

48  F 

161 

34 

285 

101 

26-2 

61-8 

12-4 

2-36 

0-00302 

14 

6 

57  M 

175 

48 

315 

181 

48-2 

108-7 

24-6 

2-25"* 

000378 

15 

10 

59  M 

165 

48 

300 

146 

37-8 

85  0 

23-0 

2-25 

0-00305 

16 

31 

75  F 

145 

30 

285 

128 

34  0 

74-7 

19-3 

2-20 

0-00427 

17 

40 

37  F 

150 

65 

480 

276 

74-6 

164-8 

36-4 

2-20* 

0-00500 

18 

41 

49  M 

160 

58 

350 

163 

45-6 

97-5 

20-0 

2-14** 

0-00284 

19 

51 

58  M 

162 

45 

360 

140 

39-3 

79-6 

20-8 

2  02 

0  00311 

20 

52 

68  M 

178 

72 

408 

178 

50-8 

101-1 

26-3 

1-99 

0-00248 

21 

26 

17F 

146 

40 

235 

157 

44-3 

87-0 

25-4 

1-97 

000394 
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TABLE   I.— Pathological  findin(j.s  {continued). 


Valvular  Defects. 

Kidney  Lesions. 

U.l> 
Systolic. 

ur. 
Diastolic. 

Rcmarl<s. 

Patent  foramen  ovale.     SI. 
fenestration  of  pulmonarj' 
segments. 

R.  205  gras.     L.  190  gras. 
Congestion  and  acute  de- 
generative changes. 

160 

70 

Slight  thickening  at  base 
of  aona.  SI.  haemorrhage 
into  ventricular  septum. 
Thromb.  rt.  pul.  art. 

None. 

R.  and  L.  940  gms.  CapsxUe 
adherent,  surface  granu- 
lar.   SI.  increase  in  inter- 
stitial tissue. 

110 

70 

Aorta  atheromatous.  lOOc.c. 
pericardial  fluid.  Ascites. 
Hydrothorax  (Lf.).  Per- 
nicious ana?mia. 

None. 

R.  130  gms.     X.  260  gms. 
Bilaterial  hydronephrosis. 
Great  increase  in  inter- 
stitial connective  tissue. 

260 
140 

110 
75 

Advanced  general  sclerosis 
and  calc.  of  coronaries. 
Chr.  uremia.  Cancer  of 
prostate. 

None. 

if.   150  gms.     L.   155  gms. 
Surface     verj'     granular, 
capsule  adherent.    Many 
scars. 

140 

70 

General  arteriosclerosis.  Dia- 
betes mellitus.  Ventricu- 
lar extrasystoles. 

'   Aortic  and  mitral  segments 
thickened.     Calc.  nodule 
in  one  aortic  segment. 

R.   100  gms.      L.  95  gms. 
Caps  adherent.     Surface 
slightly   granular.      Inc. 
interst.   tissue.       Vessels 
scl. 

200 
130 

75 
40 

Great  scl.  of  aorta.  Coronaries 
sclerotic  and  left  narrowed. 
Endarteritis  obliterans 
(feet). 

SI.  mitral  and  si.  tricuspid 
regiirg,     by    hydrostatic 
test. 

R.   140  gms.     L.   150  gms. 
Scl.    of   small    arterioles. 
.\cute      tubular      nephr. 
Congestion    and    ac.    de- 
generative changes. 

126 

65 

Mural  thrombi  iu  left  ven- 
tricle. Infarction  of  lungs. 
Pleural  effusion. 

Slight   atheroma   of 
cusp. 

aortic 

R.  200  gms.     L.  190  gms. 
SI.  atheroma  of  vessels. 
Fatty  degeneration. 

125 

90 

Aorta  atheromatous.  Ascites. 
Cancer  of  liver.  Hemochro- 
matosis. 

None. 

Kidneys    of    normal     size. 
Fibrosis  of  many   glom- 
eruli.    Increase  in  inter- 
stitial tissue. 

110 

78 



Aortic  and  mitral  segments      R.  110  gms.      L.   120  gms. 

thickened.    Some  calc.  of  Surface  granular.    Many 

latter.  fibrotic   glomeruli.      Ore. 

increase     of     connective 

tissue.     Vessels  vers-  scl. 


Clir.  endocarditis  involving 
aortic,  mitral,  and  tri- 
cuspid segments.  Acute 
vegetations  (Rheuma- 
tic). Mitral,  aortic  and 
tricuspid  regurg. 


R.  140  gms.     L.  110  gms. 
Congestion  and  edema. 


68  Advanced  sclerosis  of  aorta 
and  peripheral  arteries. 
Cancer  of  stomach. 


SI.  sclerosis  of  aorta.     Car- 
diac failure.  Hydrothorax. 
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TABLE   l.—  Pathol„;,ir,i!  /,»,/,»f/.s  {ronllnu,;!). 


No. 

Case 
No. 

Age. 
Scs. 

Height 

Weight 

Heart 
Wt. 
ems. 

Vent, 
wt. 

R 

L 

S 

L/R 

R.ili 

B..C, 
Wt. 

22 

13 

70  F 

157 

49 

340 

160 

44  0 

86-3 

300 

1-96** 

0-00327 

23 

44 

41  F 

180 

79 

280 

138 

37-6 

,., 

26-7 

1-96 

000175 

24 

29 

71  M 

161 

66 

600 

323 

91-6 

177-7 

54-1 

1-94** 

0-00490 

25 

18 

63  M 

157 

71 

700 

372 

104-7 

202-7 

65-0 

1-94** 

OOOOlTi 

26 

> 

HM 

175 

36 

210 

119 

3.., 

63-2 

22-7 

1-93 

0-00331 

27 

54 

50  F 

150 

35 

225 

119 

33-7 

64-6 

20-8 

1-92 

0  00340 

28 

49 

33  F 

158 

48 

320 

185 

58-1 

106-5 

20-6 

1-83 

0  00390 

29 

57 

26  F 

- 
160 

35 

187 

107 

331 

60-3 

13-3 

1-82* 

0-00306 

30 

35 

33  F 

159 

33 

280 

152 

46-0 

82-7 

23-3 

1-80 

0-00461 

31 

11 

63  M 

161 

37 

250 

111 

33  0 

59-5 

18-7 

1-80 

0  00300 

32 

30 

34  M 

178 

53 

305 

173 

53-8 

95-3 

24  0 

■.™ 

0-00326 

33 

40 

54  F 

165 

50 

205 

87 

27-0 

47-6 

12-8 

1-75 

0  00174 

34 

34 

38  M 

157 

43 

225 

159 

49-5 

85-0 

240 

1-71 

0-00370 
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TABLE  I.— Pathological  findings  (rontinued). 


Valvular  Detects. 

Kidney  Lesions. 

B.P. 
Systolic. 

B.P. 
Diastolic. 

Remarks. 

Alitiu!  and  aortic  segments 
iliickened.   Mitral  regurg. 

R.  170  gras.     L.  190  gms. 
Surface  granular.  Vessels 
sclerosed.    Increased  con- 
nective tissue. 

150 

60 

Coronaries  sclerotic  and  cal- 
cified. Cardiac  faUure. 
Aur.  fib.  Gen.  arterioscl. 
Sero-purulent  pericarditis. 

Nnni-. 

R.  and  L.  420  gms.    Essen- 
tially negative. 

90 

65 

General  peritonitis. 

Xono. 

B.  150  gms.    L.   165   gms. 
Capsule  adherent.     Sur- 
face   granular.       Vessels 
sclerosed.     Inc.    connec- 
tive tissue. 

150 

100 

Coronaries  atheromatous. 
Hydrothorax,  ascites.  Clir. 
passive  congestion. 

Some    calcification    about 
mitral       anil       tricuspid 
ruigs. 

R.  150  gms.     L.  170  gms. 
Red  gi-anular  surface. 

200 
185 

140 
115 

SI.  atheroma  of  aorta. 
Partial  heart -block.  Albu- 
minuric retinitis.  General 
anasarca. 

None. 

R.     110     gms.       L.      120 
gms.   Acute  degenerative 
changes. 

118 

90 

Polio-encephalitis.  Broncho- 
pneumonia. 

None. 

R.   and  L.  220  gms.     Con- 
gested  oidy. 

140. 

104 

Moderate  sclerosis  of  vessels. 

None. 

R.  and  L.  300  gms.     Con- 
gestion  and  cloudy  swel- 
ling. 

130 
145 

100 

no 

Postpartum  infarction  of 
liuigs. 

SI.  thickening  of  one  mitral 
segment.     No  regurg. 

R.  and  L.  220  gms. 

100 
94 

65 
70 



Patent      foramen       ovale. 
Open  ventricular  septrnn. 
Vent,  ojxining    6  imn.  in 
diameter. 

B.  200  gms.     L.  220  gms. 
Suppurative        nephritis 
with  multiple  abscesses. 
Clir.  glomerular  nephr. 

148 

70 

Aorta  normal.  Fibrinous 
pericarditLs.    Uraemia. 

Slight  thickening  of  mitral 
segments. 

R.   lOo  gms.     L.   110  gms. 
Chr.     interstitial    nephr. 
Vessels  thickened.    Some 
scaring. 

150 
140 

90 
75 

General  arterioscl.  Coro- 
naries sclerotic.  Cancer 
of  oesophagus  and  rectum. 

SI.    fenestration    of    aortic 
and  pulmonic  segments. 

R.  140  gms.  Cloudy  swelling. 

115 

65 

Otitis  media,  brain  abscess. 
Empyema  (left). 

None. 

R.     160     gms.        L.      150 
gms.   Acute  degenerative 
changes. 

115 

75 

Cancer  of  mammarj'  gland. 

None. 

R.  130  gms.  Cloudy  swelling. 

118 

94 

Cancer  of  stomach.    Ascites. 
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TABLK   1.      I'atlwIiMjiral  Jiniliiiijs  {rnnliiiuett). 


No. 

Case 

No. 

Akc 
Sex. 

Heifc'ht 

WciKht 
kilos. 

Heart 

\vt. 

gms. 

Vent. 
Wt. 

R 

L 

S 

L/R 

Ratio 
V«nt. 

\ 

35 

21 

16  M 

153 

37 

230 

139 

431 

73-5 

22-5 

l-70*» 

000376 

36 

25 

46  M 

147 

51 

305 

147 

46-9 

80  0 

20-0 

1-70 

0-00289 

37 

32 

31  M 

175 

52 

400 

193 

60-7 

103-5 

29-1 

1-70 

0-00371 

38 

59 

19  M 

170 

- 

261 

160 

49-2 

83-6 

26 -9 

1-70 

- 

39 

53 

22  M 

174 

61 

279 

200 

63-9 

107-8 

28-6 

1-69 

000328 

40 

4 

14  M 

152 

36 

225 

115 

36-2 

60-3 

18-3 

,.„ 

0  00320 

41 

27 

70  M 

167 

39 

295 

121 

38-2 

63 -2 

19-3 

1-66 

0-00310 

42 

28 

63  M 

147 

63 

245 

107 

351 

57-9 

14-3 

l-65*» 

0-00170 

43 

42 

46  M 

162 

68 

285 

146 

47-9 

76-9 

20-8 

1-61 

0-00215 

44 

55 

35  M. 

172 

— 

332 

215 

71-6 

115-4 

27-6 

1-61 

- 

45 

38 

52  M 

180 

53 

260 

137 

43-7 

69-9 

23-6 

1-60 

0-00259 

46 

17 

52  M 

167 

45 

365 

157 

47-5 

74-8 

34-2 

1-58 

0  00349 

47 

14 

0-6  F 

58 

3-4 

30 

18 

6-0 

9-5 

2-5 

1-58 

000530 
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TABLE  1. — Pathological  findings  {continued). 


Valvular  Defects. 

Kidney  Lesions. 

Systolic. 

Diastolic. 

Remarks. 

None. 

R.  and  L.  each   120  gms. 
Congestion    and    cloudy 
swelling. 

100 

86 

Cerebrospinal      meningitis. 
Bronchopneimionia. 

SI.  thickening  of  mitral  and 
aortic  segments. 

R.  150  gms.     L.  210  gms. 
Hyaliu  change  in  small 
vessels. 

145 

90 

Sj-philitic  aortitis  with  large 
aneurism  involving  in- 
nominate.       Cirrhosis    of 

Mitral  and  tricuspid  rogurg. 
(relative). 

R.  and  L.  550  gms.    Fatty 

100 

50 

Fatty  degeneration  of  myo- 
cardium. Pernicious  an- 
aemia. 

None. 

R.  and  L.  230  gms. 

105 

70 

MUiary  tuberculosis. 

SI.     thickening     ot     miiral 
segments. 

R.  and  L.  430  gms.    Essen- 
tially negative. 

130 

80 

Empyema  (right).  Osteo- 
mj'elitis  of  inf.  maxilla. 

None. 

R.  270  gms.     L.  280  gms. 
Cloudy    swelling.      Leu- 
karaic  changes. 

no 

75 

Acute  Ij-mjihatic  leukaemia. 

Dilatation    of    aorta    with 
questionable    relative 
aortic  regurg. 

R.  150  gms.     L.  200  gms. 
Clir.    interstitial    nephr. 
Vessels    sclerotic.      Con- 
siderable scarring. 

150 

67 

Atheromatous  dilated  aorta. 
Emphysema.  Pleural  effu- 
sion. Tbc.  pneumonia. 

None. 

R.  125  gms.     L.  130  gms. 
SI.  increase  in  connective 
tissue.    Hyalin  change  in 
vessels. 

140 

70 

Append,  abscess.  General 
peritonitis. 

None. 

R.  185  gms.     L.  160  gms. 
A  few  sclerotic  glomeruli. 
Perivascular  infiltration. 

140 
125 

85 
100 

Thrombosis  of  cavernous 
sinus. 

None. 

R.  and  L.  565  gms. 

90 
115 

50 
68 

Pernicious  anxmia. 

Valve  segments  thickened. 
Rel.  mitral  and  tricusind 
regurg.     by    hydrostatic 
test. 

R.  and  L.  225  gms.  Cloudy 
swelling.     Some  sclerosis 
of  vessels. 

96 

50 

Adenocarcinoma  of  sto- 
mach. 

None. 

R.  and   L.  each   140  gms. 
Chr.  nephritis.  Advanced 
degeneration   of   tubular 
epithelium. 

142 

90 

Aorta  atheromatous.  Glioma 
of  ^^II  ner^•o. 

None. 

R.  32  gms.     L.  325  gms. 
-Acute     glomerular     and 
interstitial  nephr. 

95 

75 

Erjsipelas.     Sj-philis. 

124  G.     R.     HERRMANN     AND     F.    N.     WILSON. 

TABLE  \.— Pathological  findings  (conti,nu,l). 


No. 

^^r 

Age, 
Sex. 

Height 

Weight 
kilos. 

Heart 

vvt. 

Bms. 

Vent. 

\vt. 

L 

S 

L/R 

Katio 
Vent. 
Wt. 

48 

5 

45  F 

150 

35 

325 

184 

60-5 

95-2 

28-7 

1-58 

000525 

49 

45 

25  F 

165 

50 

330 

167 

58-5 

91-1 

17-5 

1-56 

0-00334 

50 

. 

G4M 

175 

53 

320 

166 

56-5 

88-3 

21-6 

1-56 

0-00314 

51 

39 

55  M 

185 

57 

360 

186 

64-1 

96-8 

25-3 

1-51 

0-00330 

52 

60 

18M 

170 

37 

207 

132 

45-3 

67-9 

19-2 

1-51 

0-Oo:::.i 

53 

50 

34  F 

160 

43 

265 

145 

50-4 

73-7 

20-7 

1-46 

0-00342 

54 

20 

43  F 

165 

67 

400 

199 

71-2 

101-6 

26-2 

1-45** 

0-00297 

55 

2 

49  M 

163 

58 

340 

170 

61-9 

87-9 

200 

1-42 

0-00293 

56 

43 

61  M 

166 

41 

260 

125 

451 

62-3 

17-7 

1-38 

0-00305 

57 

56 

43  M 

172 

52 

326 

208 

80-7 

96-3 

30-7 

119 

0-00400 

58 

23 

21  M 

167 

48 

580 

261 

107-3 

120-2 

33-3 

112 

0-00545 

59 

16 

32  F 

154 

65 

350 

149 

68-2 

66-0 

14-7 

0-96 

0-00230 
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TABLE  l.—Pathologiral  findings  {continued). 


to  oiidooaixlitis  in- 
ig  mitral  and  aortic 
'Uts.  Aortic  regurg. 
lidans). 


Thickeaing   of   aortic 
ments.     Ko  regvirg. 


Sclerosis  and  calc.  of  aortic 
segments.  No  aortic 
regurg. 


Mitral  stonosis.  Mitral  and 
aortic  regxirg.  A  few 
small    vegetations. 


n.   170  gms.     L.  195 
Cloudy  swelling. 


R.  140  gms.     i.  150  gms. 
Acute  nephritis. 


R.  140  gms.     L.  175  gms. 
Bilateral  hydronephrosis. 


R.  230  gms.     L.  240  gms. 
Congestion. 


R.   150  gms.     L.  150 
Cloudy  swelling. 


Advanced  parenchymatous 
degeneration. 


?.  and  L.  520  gms.    Acute 
tubular  nephritis. 


R.  and   L.  450  gms.     Con- 
gestion. 


Clironic  passive  cong. 


Sarcoma  of  left  kidney 
(small).  Acute  parenchy- 
matous nephritis. 


Multiple  infected  myoraata 
of  uterus.  General  arterio- 
sclerosis. Empyema.  Bron- 
chopneumonia. 

Cardiac  failure.  General 
anasarca.  Ascites.  Hydro- 
thorax. 


Coronaries  sclerotic.  Old 
S3T)hilis.  Cardiac  failure. 
Aur.  fib.  Vent,  extra- 
sj-stoles. 


82  Chr.  adhesive  pericarditis. 
Transient  aur.  fib.  Ade- 
nocarc.  of  stomach. 


Dementia  prsecox.  Perfora- 
tion of  oesophagus.  Bron- 
chopneumonia. Pneumo- 
thorax. 


138 

70 

105 

68 

120 

90 

120 

90 

140 
125 

80 
80 

140 

ss 

Bronchopneumonia. 


Aorta  atheromatous  Aleu- 
ksDinic  leukaemia.  Fatty 
degeneration  of  the  heart 
muscle.  Ascites.  Severe 
anjemia. 


with  large 


il.  sclerosis  of  pulmonary 
artery.  General  arterio- 
sclerosis. 


Massive  Tbc.  of  limgs.    Gen- 
eral miliary  Tbc. 


Cardiac  failing.  Auricular 
fibrillation.  A  few  peri- 
cardial adhesions. 


Very  advanced  chronic  pul- 
monary emphysema. 
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TABLE  II. —  Electrocardiographic  measurements. 


No. 

Case 

No. 

Age. 
Sex 

Vent. 
Wl. 
gms. 

L/R 

Index. 

E.C.G. 

death, 
days 

PI 

r2 

fs 

0.1 

as 

1 

58 

39  M 

387 

3-83 

33-0** 

I 

T 

10 

10 

10 

0  0 

00 

2 

22 

14  F 

177 

3-59 

5-5     > 

20 

0-5 

10 

0-5 

0  0 

T 

10 

3 

19 

47  M 

224 

2-86 

-4-0 

38 

T 

0-5 

0-5 

0  0 

10 

1-5 

4 

48 

35  M 

351 

2-82 

3-5* 

7 

10 

T 

-0-5 

0  0 

Oo 

10 

5 

3 

32  M 

391 

2-72 

2-5 

10 

8 

10 
0-5 

10 
1-5 

±T 
10 

0  0 
0  0 

00 
00 

0  0 
00 

6 

47 

38  M 

334 

2-62 

160* 

3 

1-5 

30 

2  0 

00 

00 

0  0 

7 

37 

60  F 

91 

2-57 

2-5 

60 

T 

T 

T 

00 

0-5 

10 

8 

1 

78  F 

158 

2-53 

7-5* 

5 

T 

■    1-5* 

1-5* 

T 

0-0 

00 

9 

33 

60  F 

194 

2-50 

90 

20 

T 

1-0 

0-5 

0  0 

0  0 

0-0 

10 

36 

76  M 

130 

2-48 

10-0** 
6-5* 

6 
3 

T 
T 

0-5 
0-5 

0-5 
10 

0-5 
0-5 

00 
00 

0  0 
0  0 

11 

7 

48  M 

427 

2-46 

17-8** 

15 

0-5 

10 

±0-5 

0  0 

0  0 

0  0 

12 

9 

44  M 

103 

2-46 

-3-0 

0 

10 

2-0 

1-0 

00 

00 

0-5 

13 

24 

48  F 

101 

2-36 

-6-0 

1 

T 

1-0 

10 

0  0 

0  0 

T 

14 

' 

57  M 

181 

2-25 

7  0* 
-3-5 

20 

T 
T 

1-5 
20 

10 
2-0 

0-5 
T 

0  0 
2  0 

0  0 
2  0 

15 

10 

59  M 

146 

2-25 

-3-5 

8 

T 

0-5 

0-5 

00 

1-0 

10 

16 

31 

75  F 

128 

2-20 

0  0 

21 

T 

0-5 

0-5 

00 

10 

10 

17 

40 

37  F 

276 

2-20 

7-0* 

12 

T* 

1-0 

10 

0  0 

0  0 

00 

18 

41 

49  M 

163 

214 

12o** 

1 

10 

1-5 

10 

T 

00 

00 

19 

51 

58  M 

140 

2-02 

4-0 

0 

1-0 

20 

10 

T 

0-5 

0-5 

20 

52 

68  M 

178 

1-99 

7-5 

0 

0-6 

0-6 

-T 

0  0 

0  0 

00 

21 

26 

17  F 

157 

1-97 

10 

4 

0-5 

I'O 

0-5 

0-5 

0-5 

10 

22 

13 

70  F 

160 

1-96 

170'* 

1 

1-5 

2-0 

10 

T 

10 

00 

23 

44 

41  F 

138 

1-96 

0-5 

5 

0-5 

1-5 

0-5 

0-0 

10 

10 

24 

29 

71  M 

323 

1-94 

9-5" 

6 

T 

1-0 

0-5 

0  0 

0-0 

00 

25 

18 

63  M 

372 

1-94 

16-5** 

6 

T 

10 

10 

T 

00 

0  0 

26 

8 

17  M 

119 

1-93 

7-0 

30 

0-5 

1-5 

10 

0-0 

0-0 

T 

27 

54 

56  F 

119 

1-92 

5-5 

34 

0-5 

1-5 

10 

T 

00 

00 

28 

49 

33  F 

185 

1-83 

1-5 

14 

0-5 

1-0 

T 

0  0 

00 

T 

29 

57 

26  F 

107 

1-82 

-  130* 

49 

0-5 

1-0 

T 

0  0 

0-5 

20 

30 

35 

33  F 

152 

1-80 

8.0 

43 

T 

2-0 

1-5 

00 

00 

0(1 

Elect: 
IiicUci 


ocardiograpliic  moasuroments  are  so 
IS  are  so  marked  to  iiidieato  that  the 


marked  to  indicate  that  the  corresponding  deflections  were 
corrosnondinc  elect rocardiosrams  show  certain  signs  of  right 
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TABLE  II. —  Electrocardiographic  measurements. 


Jll 

Bi 

ns 

SI 

S2 

S3 

Tl 

iTS 

T3 

Disease. 

190 

110 

5-0 

0  0 

60 

190 

-30 

±10 

20 

Clironic  nephritis. 

0-0* 

7  0 

2  0* 

0-5 

10 

2  0 

r 

-20 

-2-0 

Chronic  nephritis. 

40 
110 

9  0 
90 

6-5 
6  0* 

2  0 
1-5 

10 
00 

05 
00 

1-5 
-1-5 

1-5 
-1-5 

T 
-10 

Sub-acute  bacterial  endo- 
carditis. 
Chronic  nephritis. 

S-0 
4  0 

6  0 
60 

0-5 
3  0 

00 
0-5 

1-5 
10 

6-5 
20 

0-5 
0-5 

20 
2-5 

10 

20 

Chronic  nephritis.. 

110 

130 

60 

T 

2-5 

110 

T 

2-5 

2-5 

Qironic  nepliritis. 

40 

5-0 

1-5* 

0  0 

00 

00 

T 

-  T 

-T 

Cancer  of  hepatic  duct. 

3-5* 
6-5 

8-5 
7  0 

70 
00 

0  0 
00 

S-5 
10 

no 

2-5 

TT 
-T 

1-5 
T 

10 
10 

Cancer  of  bladder. 

Aneurism. 
Diabetes,  pyonephrosis. 

GO 
5  0 

10* 
30* 

10 
10 

0  0 
0  0 

0  0 
00 

5-0 
25 

T 
-T 

T 
-0-5 

T 
-T 

Thrombosis  of  portal  vein. 

130 
!       60 

6  0 
8  0 

1-2 
8  0 

10 
10 

2  0 
00 

70* 
00 

-05 
10 

-0.5 
20 

-T 

Vegetative      endocarditis. 

Aortic  regurg. 
Purpura,  pneumonia. 

10 

90 

7-0 

00 

00 

00 

05 

1.5 

1.5 

Pernicious  anaemia. 

4-5 
3 -J 

6  0 
100 

4  0 
7  0 

00 
00 

3  0 
00 

6-5 
00 

T 
T 

30 

4.5 

30 
45 

Cancer  of  the  prostate. 

7  0 

110 

8o 

20 

00 

00 

15 

30 

30 

Diabetes,  sj^ihilis. 

7  0 

13-0 

7  0 

0  0 

00 

00 

-T 

-1-5 

-  10 

Cancer  of  uterus. 

4  0* 

4-5 

3  0* 

00 

2  0 

60 

T 

-10 

-  10 

Paratyphoid  B.  ileocolitis. 

GO 

30 

2-5 

00 

4-0 

90 

10 

2-0 

20 

Cancer  of  liver. 

6  0 

5.0 

1-5 

0-5 

1-0 

T 

T 

T 

-T 

Cancer  of  the  oesophagus. 

5-5 

5-5 

00 

0-0 

00 

20 

1-8 

10 

-  10 

Cancer  of  stomach. 

4-5 

7  0 

4-5 

0-5 

2  0 

1-5 

2  0 

20 

T 

Aortic  regurg.  and  mitral 

10  0 

5-0 

00 

0-0 

00 

70 

T 

T 

T 

regurg. 
Diabetes  mellitus. 

7-5 

140 

6  0 

10 

1-0 

T 

T 

T 

T 

General  peritonitis. 

GO 

30 

1-5 

10 

10 

60 

-T 

-10 

T 

Clironic  nephritis. 

9-5 

30 

1:5 

2  0 

60 

10:5* 

T 

T 

T 

Chronic  nepliritis. 

80 

120 

4  0 

20 

70 

50* 

T 

20 

15 

Epidemic  encephalitis. 

8-5 

15  0 

6-5 

0  0 

0  0 

35 

T 

-  T 

-T 

Cancer  of  stomach. 

20 

9-5 

0-5 

40 

100 

10 

5  0 

10 
2  0 

T 

00 

-0-5 
10 

T 
T 

T 
-0-5 

Post-parlura      thrombosis 

of  pulmonaiy  artery. 
Cancer  of  Iimg. 

7-0 

8  0 

2  0 

T 

1.5 

3.0 

0-5 

05 

T 

Pyelonephiiti^. 

ular  prcponde 
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TABLE  II. —  Electrocardiographic  tneasurements  {continued). 


N. 


No. 

Case 
No. 

Age, 

Sex. 

Vent. 

\vt. 

UR 

Index. 

Interval 
E.C.G. 

to 
death, 
days. 

rj 

PS 

1:3 

Qi 

Q2 

" 

31 

11 

63  M 

HI 

1-80 

60 
1-0 

44 
18 

T 
T 

10 
10 

T 
T 

1-0 
1-0 

1-0 
1-0 

15 

0-0      1 

32 

30 

34  M 

173 

1-78 

-4-0 

3 

1-0 

2-5 

20 

0-5 

1-0 

T 

33 

46 

54  F 

87 

1-75 

5-0 

6 

10 

0-5* 

T 

10 

1-5 

1-5 

34 

34 

38  M 

159 

1-71 

0-5 

0 

T 

0-5 

0-5 

0-5 

T 

T 

3.5 

21 

16  M 

139 

1-70 

-lS-5** 

3 

0-5 

1-5 

1-0 

0-0 

0-0 

0-0 

36 

25 

46  M 

147 

1-70 

-6-5 

9 

T 

3-0 

2-5 

00 

0.0 

0  0 

37 

32 

31  M 

193 

1-70 

90 
5-5 

81 
38 

0-5 
0-5 

1-5 
10 

1-0 
10 

1-0 
0-5 

10 
0-5 

0-0 
00       t 

38 

59 

19  M 

160 

1-70 

-11-0 

6 

0-5 

1-8 

10 

00 

10 

... 

39 

53 

22  M 

200 

1-69 

-2-5 

11 

0-5 

10 

T 

0-0 

0-0 

1 

2-0 

40 

4 

14  M 

115 

1-67 

2.0 

3 

0-5 

0-5 

0-5 

T 

T 

0  0 

41 

27 

70  M 

121 

1-66 

-2-5 

36 

T 

1-0 

1-0 

0-0 

0-0 

T 

42 

28 

63  F 

107 

1-65 

ISO** 

1 

10 

1-5 

0-5 

0-5 

0  0 

0  0 

43 

42 

46  M 

146 

1-61 

-  1-0 

5 

0-5 

1-0 

±0-5 

00 

0-0 

10 

44 

55 

35  M 

215 

1-61 

-  3-5 

3 

T 

1-2 

1-0 

T 

0-5 

T 

45 

38 

52  M 

137 

1-60 

00 

14 

T 

1-5 

1-5 

00 

T 

00 

46 

17 

52  M 

157 

1-58 

-40 

2 

00 

10 

10 

00 

T 

T 

47 

14 

0-6  F 

18 

1-58 

-4-5 

18 

1.0 

1-5 

0-5 

T 

10 

20 

48 

5 

45  F 

184 

1-58 

6-5 

12 

T 

20 

1-5 

00 

00 

T 

49 

45 

25  F 

167 

1-56 

1-0 

6 

1-0 

10 

T 

1-0 

0-5 

0  0 

50 

12 

64  M 

166 

1-56 

-3-0 

1 

Atir.  Fi 

b. 

0-0 

10 

10 

51 

39 

55  M 

186 

1-51 

-5-0 

3 

0-5 

1-5 

10 

00 

0-0 

T 

52 

60 

18  M 

132 

1-51 

6-5 

1 

0-5 

1-5 

10 

T 

00 

T 

53 

50 

34  F 

145 

1-46 

0-5 

0 

10 

1-0 

T 

T 

1-5 

10 

54 

20 

43  F 

199 

1-45 

26-5** 

63 

T 

1-5 

1-5 

2-0 

0  0 

0  0 

55 

2 

49  M 

170 

1-42 

2-5 
3-5 

3 

647 

±T 
1-0 

20 

1-5 

T 
0-5 

00 
0  0 

0  0 
00 

56 

43 

01  M 

125 

1-38 

2-5 

58 

T 

10 

10 

10 

1-0 

0  0 

57 

56 

43  M 

208 

1-19 

-8-0 

14 

0-5 

2- J 

2-0 

0-0 

10 

10 

58 

23 

21  M 

261 

1-12 

-7-0 

1 

Aur.    F, 

b. 

00 

00 

T 

59 

16 

32  F 

149 

0-96 

-60 

73 

T 

3-0 

2:5 

0-0 

10 

2  0 

*  Eloctrocardiograi5]iic  measurements  are  so  marked  to  indicate  tltat  tlie   corrosiionding  deflections  were 
**  Indices  are  so  marked  to  indicate  that  tlie  corresponding  electrocardiograms  show  certain  signs  of  right 
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TABLE  II.  —  Electrocardiographic  measurements  (continued). 


1^9 


Rl 

1 

R2 

m 

SI 

Si 

S3 

Tl 

TS 

rs 

Disease. 

8-0 
6  0 

9  0 
120 

2  0 
5  0 

00 
0  0 

0  0 
00 

00 
0  0 

T 
T 

T 
T 

T 
T 

Cancer  of  tlie  oesophagus. 

4  0 

110 

8  0 

T 

0-5 

0  0 

2  0 

50 

3  0 

Mastoiditis,  meningitis. 

SO 

100 

2  0 

10 

00 

00 

1-5 

10 

T 

Cancer  of  breast . 

2-5 

3-5 

2  0* 

0  0 

00 

0  0 

T 

0-5 

0-5 

Cancer  of  stomach. 

2  0 

110 

lo-5 

7-5 

30 

2-5 

2-0 

4  0 

3-5 

Cerebrospinal  meningitis. 

4  0 

120* 

9-5* 

1-0 

00 

00 

T 

2-0 

20 

Aortic  aneurism. 

110 
7  0 

120 
8-0 

20 
1-5 

00 
00 

0  0 
00 

0  0 
0  0 

-0-5 
0-5 

-10 
10 

-T 
0-5 

Pernicious  anaemia. 

3  0 

120 

120 

2  0 

10 

0  0 

10 

3  0 

2  0 

MUiary  tuberculosis. 

7  0 
9  0 

9  0 

8-5 

4-5 

5  0* 

5-0 
2-5 

40 
10 

T 
0-5 

1-5 
3  0 

10 
3  0 

T 
10 

Osteomyelitis  of  jaw ,  sep- 

ticjemia. 
Lymphatic  leukaemia. 

3  0 

7  0 

7  0 

T 

10 

1-5 

0-5 

1-5 

1-0 

T.b.c.  pnetimonia. 

120 

30 

10 

00 

2  0 

7-0 

±1-0 

10* 

2  0* 

General  peritonitis. 

i 

6  0 
4  0 

7-0 
120 

5  0* 

2-5 
0  0 

20 
00 

0-5 
0-0 

1-5 
T 

T 
-10 

-  10 
-0-8 

Thrombosis  of  the  cavern- 
ous sinus. 
Pernicious  anaemia. 

4  0 

80 

40 

10 

20 

1-0 

10 

10 

0-5 

Cancer  of  stomach. 

3  0 

11-0 

70 

20 

30 

20 

1-5 

2-5 

1-5 

Glioma  of  Vm  nerve. 

5-5 
7  0 
5 -5 
30 
1-5 

120 
TO 
9  0 
8  0 
7-5 

7  0 
1-5* 
5-0 
6  0 
70 

3  0 
00 
00 
00 
0  0 

2  0 
0-0 
00 
0  0 
0  0 

00 
10 
0-5 
0  0 
0-5 

3-5 
10 
T 
T 
-0-5 

2-5 

10 

10 

-1-5 

-30 

-  1-5 
T 

0-5 

-  1-5 
-2-5 

Erysipelas.     Congenital 
syphUis. 

Infected  myomata  of  the 
uterus. 

Sub -acute  bacterial  endo- 
carditis. 

Hydronephrosis.       Lobar 
pneumonia. 

Cancer  of  stomach. 

5  0 
7  0 

8-0 
120 

4  0 
8  0 

0-5 
T 

6-5 
2  0 

60 
1-5 

T 
1-5 

4-5 
1-5 

3  0 
T 

Dementia  prsecox,  perfor- 
ation of  cesophagus 
Broncliopneumonia. 

190 

120 

3  0 

0  0 

2-0 

10-5* 

1-5 

1-5 

-T 

Aleuka^mic  leukemia. 

3  0 
4-0 

3-0 
30 

T 
0-5 

10 

10 
20 

0-5 
1-5 

10 
2  0 

1-5 
2-5 

T 
T 

Aortic  aneurism. 

40 

70 

30 

00 

0  0 

1-5 

10 

20 

10 

Perforation  of  gastric  ulcer. 

^ 

3  0 

100 

9  0 

20 

00 

00 

1-5 

3  0 

1-5 

Pul.  tuberciJosis. 

4  0 

120 

110 

3-5 

4  0 

3-5 

? 

? 

? 

Mitral  stenosis. 

90 

S-0 

0-5 

00 

00 

T 

0-5 

T 

Chr.  pul.  emphysema. 

notched. 

or  left  ventricular  preponderance  described  in  the  text. 
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TABLE  IV.— Average 

values. 

— 

Normals. 
(No  cardiovascula 
disease  other  than 
slight  atheroma  of 
aorta.   Mo  chronic 
renal  or  pulmonarj 
disease.    No 

Systolic  blood' 
pressure  not 
above  140.) 

b 

Normals. 
(Same  as  a. 
except  that 
4  cases  with 

distinctly 

abnormal 
E.K.G.s  are 

excluded.) 

Normals. 

(Lewis. 

Cancer 
controls.) 

Normals. 
(Lewis 

and 
Gilder.) 

C^ses  with 

L/R  ratios 

above 

2-M. 

/ 

Cases  with 

L/R  ratios 

between 

1-80  and 

2-20. 

Cases  with 

L/R  ratios 

between 

rSOand 

1-80. 

1 

No.  of  Cases    .. 

16 

12 

11 

52 

15 

16 

20 

Age 

32-8 

31-4 

— 

— 

49-0 

48-5 

39-9 

Heiglit  (cms.) 

1G40 

1650 

— 

— 

165-7 

159-8 

165-5 

Weight  (kUos.) 

49-7 

50-3 

49-4 

— 

47-9 

49-3 

49-0 

Heart  weight  (gras.)  . 

255-0 

2540 

304-0 

— 

419-0 

3440 

287-9 

Ventricular  wt. 

141-0 

146-0 

148-7 

— 

230-3 

1760 

154-5 

R.  vent.  wt.  . . 

44-2 

45-8 

44-2 

— 

51-6 

50-2 

49-9 

L.  vent.  wt.  .  . 

770 

78-6 

81-4 

_ 

139-9 

198-9 

81-7 

Septal  wt.       . . 

20-9 

21-6 

23-1 

— 

38-5 

27-7 

22-9 

LjR  ratio 

1-74 

1-73 

1-83 

— 

2-68 

1-96 

1-64 

A'ent.  wt. 
Body  wt. 

I         000292 

0  00294 

0-00301 

- 

000470 

0  00363 

000317 

Index   

0-25 

-3-3 

_ 

-1-8 

5-58 

5-34 

-0-35 

PI 

0-64 

0-61 

— 

0-52 

0-49 

0-56 

0-52 

P2 

1-24 

1-20 

— 

1-16 

1-15 

1-25 

1-34 

P3 

0-66 

0-58 

— 

0-81 

0-82 

0-69 

0-94 

Ql 

0-23 

0-22 

— 

0-51 

014 

018 

0-24 

Q2 

0-44 

0-59 

— 

0-73 

0-35 

0-34 

0-36 

Q3 

0-75 

0-95 

— 

0-86 

0-55 

0-38 

0-49 

Rl 

5-97 

5-37 

— 

516 

6-96 

6-49 

5-52 

R2 

8-89 

9-52 

— 

10-32 

8-17 

7-87 

8-62 

R3 

5-34 

6-84 

— 

6-61 

4-65 

3-68 

5-75 

SI 

1-91 

2-34 

_ 

2-06 

0-58 

0-83 

1-28 

S2 

2-34 

1-46 

— 

2-23 

1-53 

1-81 

1-30 

S3 

2  03 

0-49 

— 

1-73 

3-83 

3-39 

1-16 

Tl 

104 

1-26 

_ 

1-93 

004 

0-48 

0-90 

T2 

1-89 

1-68 

_ 

2-46 

0-96 

0-40 

1-39 

T3 

1-12 

0-78 

~ 

0-61 

1-02 

Oil 

0-80 

Cases  18,  23,  26,  28,  29,  32,  33,  34,  35,  38,  39,  40,  42,  43,  52  and  53 

Same  as  o,  except  that  Cases  18,  26,  42  and  52  are  omitted. 

See  Lewis.^ 

See  Lewis  and  Gilder.'" 

Cases  1  to  15  inclusive. 

Cases  16  to  31  inclusive. 

Cases  32  to  52,  omitting  Case  47. 
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TABLE  IV.— Average  valites. 


h 

Cases  with 

L/R  ratios 

below 

1-50. 

Same  as  /.. 
but  case 

54 
omitted. 

J 

Cases  with 
L/R  ratio 
above  -'-M 

and 

vent.  wt. 

body  wt. 

ratio  above 

0005. 

Cases  with 

chr. 
nephritis 

and 
sv^toiic 

above 

Cases  with 

chr. 

nephritis 

and 
systolic 
B.P. 
below 
ISO  mm. 
Hg. 

Cases  of 
arterio 
sclerosis. 

Aortic  r 
(Lew 

egure. 

Mitral 
(Le 

stenosis. 
«is.) 

6 

6 

8 

11 

6 

13 

31 

16 

40 

40 -t 

— 

34-3 

441 

59-2 

56-5 

— 

— 

— 

— 

163-8 

— 

1640 

163-1 

164-0 

162-3 

— 

— 

— 

— 

53  0 

— 

54-0 

53-4 

46-0 

43-6 

66-0 

— 

53-7 

— 

360  1 

— 

5600 

495-3 

332-0 

302-5 

713-0 

— 

488-0 

— 

179-6 

_ 

3450 

290-1 

1530 

166-6 

421-7 

— 

256-7 

— 

69-3 

_ 

73-3 

65-2 

43-3 

50-4 

112-7 

— 

97-3 

— 

86-9 

— 

211-1 

174-2 

84-4 

92-4 

241-7 

— 

117-0 

— 

23-3 

— 

59-9 

50-7 

25  0 

24-0 

67-3 

— 

42-4 

— 

1-28 

— 

3-01 

2-75 

1-99 

1-85 

2-15 

— 

1-55 

— 

0  00344 

— 

0  00655 

0  00539 

000331 

0-00381 

— 

— 

- 

- 

1-67 

-2-42 

13-1 

9-2 

3  04 

4-24 

_ 

8-36 

_ 

-10-14 

0-56 

0-62 

0-72 

0-59 

0-47 

0-34 

_ 

1-05 

— 

1-17 

1-63 

1-90 

1-30 

1-30 

1-12 

1-20 

_ 

1-57 

— 

2-05 

1-46 

1-46 

0-67 

0-94 

0-76 

1-10 

_ 

0-94 

— 

1-15 

0-54 

0-30 

0-17 

0-20 

015 

0-47 

— 

0-54 

— 

0-34 

0-64 

0-75 

0-13 

0-47 

0-39 

0-33 

0-62 

— 

0-84 

0-61 

0-71 

0-33 

0-62 

0-31 

0-21 

_ 

0-61 

— 

1-30 

6-21 

4-08 

10-70 

8-90 

5-32 

5-25 

_ 

9-31 

— 

3-05 

9-29 

8-83 

8-70 

9-00 

7-40 

7-41 

_ 

11-67 

— 

U-17 

607 

6-58 

3-90 

4-70 

3-68 

3-50 

— 

5-37 

— 

11-27 

Ml 

1-30 

0-63 

0-60 

0-55 

0-00 

_ 

1-37 

— 

3-47 

1-43 

1-33 

2  08 

2  06 

0-68 

0-33 

_ 

3-57 

— 

2-09 

2-64 

1-33 

6-80 

5-56 

1-98 

2-41 

_ 

5-79 

— 

1-25 

1-30 

105 

-0-65 

-0-39 

0-65 

0-43 

_ 

0-87 

_ 

1-47 

1-57 

1-58 

017 

0-60 

0-87 

-0  05 

— 

1-40 

— 

2-49 

0-44 

0-57 

.., 

0-91 

0-63 

-0  03 

0-65 

~ 

1-16 

h.  Cases  53  to  59. 

i.  Same  as  k,  except  that  Case  54  is  omitted. 

j.  Cases  1,  2,  4,  5,  6  and  10. 

k.  Cases  1,  2,  4,  5,  6,  14,  16  and  24. 

I.  Cases  7,  13,  19,  15,  20,  22,  24,  30,  31,  41  and  46. 

jn.  Cases  10,  17,  27,  48,  50  and  56. 

n.  See  Lewis.^     The  pathological  data  are  from  one 


another. 


.  of  cases,  the  electrocardiograpliic  data  from 


See  n. 
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TAI5LE   \ .—Miscellaneous  data. 


351 
427 
334 


194 
276 
158 
163 
181 
130 
91 
146 
163 
101 

128 
323 


2-82 
2-46 
2-62 
3-59 
2-86 
2-50 
2-20 
2-53 


2-25 
214 
2-36 
1-94 
2-20 


1-97 
1-96 
1-96 


76-0 
70-4 
63-4 
57-1 
51-9 
31-7 
30-6 
26-6 

22-0 
21-6 
170 
17-0 


13-4 
12-7 
9-6 


17-8* 
160* 


90 
7  0* 

30 

7-0* 

100* 
6-5* 
2-5 

-3-5 
12-5* 

-  60 
16-5* 


10 
170*' 


Carter's 

Index 
(degrees). 


Inclina- 
tion of 
nat.  axi 
(X-ray  1. 


46* 
36* 
42* 


Fibrmo-pur. 

Pericard.    PI.   effusion    (i). 


Empyema  (R). 


PI.  effusion. 
Aor.  aneurism. 


Ascite 
Ascite 


Ascites. 

Ascites,  hydrotliorax. 


Ascites,  liyi-lrolhc 


Ascites,  hydrothorax. 
Sero-pur.  pericard. 


Cancer  of  rijilit 


X-ray  measurements  marked  with  *  were  made  from  telorontgenograms. 
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TABLE  \.— Miscellaneous  dat. 


X-ray 
death. 


E.C.G. 

to 
death. 


Remarks. 


Q.  R.S.  intorval  within  noi-mal  limits.     Leads  /  and  /// 

diphasic.     Suggest  conduction  defect  in  right  branch  of 

His-bundle. 
Change  m  E.C.G.  probably  duo  to  change  in  position  of 

heart   following   removal   of   pleural    fluid     (800  c.c). 

M.R.  6-5  cm..     M.L.  U-5  cm.  (X-ray). 
Curves  anomalous.      Inversion   of    T   due   to   digitalis  ? 

M.R.  Go  cm..     M.L.  9-5  cm.  (X-ray). 
M.li.  (mid-line  to  rt.  border)  6-5  cm..    M.L.  12  cm.. 

M.R.  5-5.     M.L.Q -5  {X-ray). 

Invert.     T  deflections  due  to  administration  of  digitalis. 

E.C.G.  normal.     Veutrictilar  shadow  transverse  (X-ray 

report).     X-ray   plate   lost. 
M.R.  4-5  cm..     M.L.  9-5  cm.. 


Heart  much  displaced.    Curves  anomalous. 


First  cur%-e  taken  at  time  of  ursemic  con\'ulsion. 

Change  in  form  of  F.  C.  G.  probably  due  to  removal  of 
ascitic  fluid  (12^  litres).    Heart  transverse. 

Cur%'es  of  very  low  amplitude.  Heart  displaced.  X-ray 
outline  of  heart  hidden  by  high  diaphragm. 


M.R.  7-5  cm..     M.L.  11-0  cm.  (X-ray). 


M.R.  6  cm..     M.L.  ll-o  cm.  (X-ray). 
Heart  transverse. 


Curves  show  slight   fling  due  to  high  skin  resistance. 


Curves    within    the    normal    range.       Dextrocardiogram 
precedes  leviocardiogram  ?     Vertical  heart. 


13G  G.     R.     HERRMANN     AND    F.     N.     WILSON. 

TABLE   V. — 3Iiscellaneous  data  {conliiiucd). 


Carter's 
(degrees). 


173 
159 
139 
U7 
160 
115 
107 

193 
200 
137 
146 
157 
166 
215 
132 
184 
167 
145 
186 
125 
170 


149 
261 


1-80 
1-80 


1-70 
1-70 
1-70 

1-65 
1-66 
1-70 


1-61 
1-58 
1-56 
1-61 
1-51 
1-58 
1-56 
•1-46 
1-51 

1-42 

1-45 
119 
0-96 


00 
00 

-  10 

-  1-3 

-  1-7 
-40 


-5-3 
-5-6 

-5-7 

-  7-2 

-  8-7 
-9-5 

-  10-7 

-  13-5 

-  13-6 

-  13-7 


13- 


18-9 
23-6 


6-0 
1-0 
5  0 

-4-5 

-40 

0-5 


11-0 

20 

ISO** 

-2-5 

9  0 
5-5 

0  0 
-1-0 


26-5** 
-8-0 
-60 

-7-0 


Emi^yema  (i).    Scoliosis. 


Empyema  {R). 


Pneumothorax. 

Empyema. 

Ascites,  hyclrothonix. 

Pulmonary  tuberculosis. 

Sub-diaphragmat  ic  abscess. 
Aortic  aneurism. 


Tympanites, 

thorax. 
Clir.  pul.  Tbc. 

Pulmonary  empliys 


*  X-ray  measurements  marked  with  *  were  made  from  teleronlgenograms. 
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TABLE  V. — Miscellanenu^  data  (continued). 


Vent.  Capacity. 


X-ray     E.C.G. 
death,  j  death. 


105  75 

16  I   24 

25  55 

32  54 

60  115 


M.R.  4-5.     M.L.  So  (X-ray). 

Change  in  curve  duo  to  change  in  position  of  heart 

X-ray  taken  in  supine  position. 


Curves  of  very  low  amplitude. 

Heart  normal  from  clinical  and  from  pathological  stand- 
points.    E.C.G.  just  outside  normal  range. 
M.R.  4-5.     M.L.  7  0  (X-ray). 

^'erticaI  heart. 


X-ray  showed  very  large  heart. 
Inversion  of  T  duo  to  digitalis. 


X-ray    plate    shows    much    enlarged     transverse     heart. 
Enormous  aneurism. 


M.E.  r,0  cm..     M.L.  Uo  cm.  (X- 
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TABLE   VI. 


Gomparinoii  of  the  electrocardiogram  i 
was  greatly  hypertrophied  ;    c 


li  L  -i-i  R  vulus  in  cases  in  which  the  heart 
res  of  Lewis  and  of  Cotton  included. 


L.  2 
C.  5 


L.  4 

L.  3 

L.  5 

L.  7 

C.  0 

C.  2 

L.  6 
58 

C.  1 

L.  8 

L.  9 


Ventricular 
weight. 

387 

391 

351 
421 

427 

404 

324 

270-5 

276 

343 

350-5 

372 

323 

308-5 

416-5 

297 

292 

333 

201-9 

285 

261 

269 

287 

256 


17-8* 

29-5* 

160* 

190* 

7-0* 

19-0* 

-100 

16-5* 

9-5* 

8-0 


L/R 


2-82 
2-55 
2-46 
2-63 
2-62 
2-60 
2-20 
2  04 
1-97 
1-94 
1-94 
1-94 
1-87 
1-82 
1-60 
1-30 
1-30 
1-38 
1-12 


70-4 
70-0 
63-4 
52-0 
30-6 
23-0 
160 
14-2 


9-0 
2-0 
-19-0 
-24-8 
-33-2 
-42-0 
-73-0 
-116-9 
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slight  It-ti  \eiilruuliir  |.ivpon<leraiK-e.  Lead  7— above,  lead  ii— middle,  and  lead  III— 
below.  Tlie  left  end  of  tlie  figure  shows  the  form  of  the  curve  when  the  breath  was  held 
in  deep  inspiration  ;  the  gradual  change  in  the  form  of  the  curve  was  the  result  of  expiration. 


the  gradual  change  ni  tlie  form  of  the  curve  was  due  to  expiiution.     Tl 
right  end  of  the  figure  were  obtained  during  quiet  normal  breathing. 
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Fig.  +. 


id  briijlliiug  upon  the  I'onu  ot  lead  III  of  a  uur\e  iudicatiM-  ot  definite 
Jiiderance.  Breath  hold  in  deep  inspiration  (left  end  of  ciir\'e)  and 
>>ote  the  appearance  of  a  deeji  notch  in  Q.R.S.  due  to  a  c)iange  in  the 


Tlie  electrocardiogram  of  a  ca-,>  ..i  ,.ulmoiiary  stenosi-.     Note  that  leads  /  and  III  are 
diphasic.     (A  curve  taken  by  Dr.  Welboume  at  the  Peter  Bent  Brigham  Hospital.) 
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Fig.  6.     A  nonnal  elect rooai-diogram  which  suggests  a  transversely  placed  heart. 


Fig.  9.     Photograph  of  a  section  of  the  heart  of  Case  2.5.     Xote  li 


ne  througli  the  seiituiii. 
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THE   CARDIO-DYNAMICS   OF   MITRAL   INSUFFICIENCY. 

By  CARL  J.   WIGGERS   and   HAROLD   FEIL. 

(From    the    Physiology    Laboratory,     Western    Reserve     University    Medical 
School,  Cleveland,  Ohio,   U.S.  A.) 


Our  current  conceptions  as  to  the  dynamic  consequences  of  a  leaking 
mitral  valve,  formulated  partly  on  a  priori  reasoning,  partly  on  the  results  of 
experimental  studies,  are  still  at  variance.  It  is  pertinent,  therefore,  to 
discuss  a  few  of  the  supposed  consequences  of  mitral  regurgitation  in  the 
light  of  data  furnished  by  methods  liitherto  unemployed  in  the  study  of 
this  lesion,  and  to  formulate  our  conception  of  the  dynamic  consequences 
on  the  basis  of  these  observations. 

/. — The  dynamics  of  the  left  heart  and  systemic  circuit. 

In  discussing  the  normal  mechanism  of  cardiac  action,  the  closure 
of  the  mitral  valves  at  the  proper  time  has  generally  been  considered  of 
crucial  importance.  By  virtue  of  their  complete  and  secure  closure  in  the 
earhest  moments  of  sj'stole,  the  ventricle  is  able  to  contract  isometrically 
and  witliin  0*04  to  0*05  of  a  second  elevates  the  pressure  to  a  level  exceeding 
diastolic  arterial  pressure,  thus  insuring  prompt  and  rapid  explusion  of 
blood  during  the  succeeding  ejection  phase. 

How  is  tliis  rapid  elevation  of  pressure  accomphshed  when  the  mitral 
valves  are  incompetent  ?  What,  indeed,  prevents  all  the  blood  from  being 
expelled  through  the  mitral  orifice  ?  How  can  ventricular  tension  ever 
be  elevated  sufficiently  to  open  the  semilunar  valves  ?  These  and  similar 
questions  have  not  been  satisfactorily  answered. 

Prtvious  work.  In  a  philosophical  consideration  of  the  subject, 
Schwartz^  has  attempted  to  give  a  more  precise  interpretation  of  the  dynamic 
alterations  concerned  and  a  logical  interpretation  of  the  compensatory 
mechanisms  automatically  brought  into  play.  Starting  «1th  the  premises 
that  considerable  regurgitation  must  occur  during  the  isometric  contraction 
phase,*  he  argues  that  one  of  the  first  consequences  must  be  a  prolongation 

*  Without  entering  into  a  discussion  as  to  whether  the  ventricle  contracts  isometrically 
or  not  when  a  vahiilar  lesion  exists,  we  shall,  for  brevity's  sake,  refer  to  the  entire  phase  of  rising 
tension  before  opening  of  the  semilunar  valves  as  the  isometric  contraction  phase. 
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of  this  phase.  If  the  duration  of  systole  remains  unaltered,  the  subsequent 
phase  of  ejection  must  be  correspondingly  reduced.  As  a  result  of  this, 
the  systolic  discharge  is  decreased  and  some  systolic  retention  occurs. 
These  two  events  are  held  to  account  for  the  fall  of  arterial  pressures  and 
the  dilatation  of  the  left  heart.  Schwartz  further  points  out  that  the  only 
mechanisms  which  can  truly  compensate  for  such  a  sequence  of  events 
are  those  that  operate  to  abbreviate  the  isometric  contraction  j^hase, 
lengthened  as  a  result  of  the  lesion.  He  concludes  that  four  factors  operate 
to  accompUsh  this  :  (1)  The  reaction  of  the  ventricles  to  increased  initial 
tension  ;  (2)  the  reduced  diastolic  pressure  in  the  aorta ;.  (3)  cardiac 
hj'pertrophy  ;  and  (4)  the  beneficial  effects  of  extra-systoles.  The  first 
two  are  especiallj-  significant  factors  for  discussion.  As  regards  the  second, 
it  is  conceivable  that  if  the  aortic  pressure  is  reduced,  the  time  required  to 
elevate  the  ventricular  pressure  to  this  lower  level  'nill  be  shorter.  The 
experimental  work  of  Hiirtlile^  and  ^Yiggers^l  indicates,  however,  that  this 
expected  relation  does  not  necessarily  exist.  As  regards  the  first  factor, 
Schwartz  quite  logicallj'  applied  the  laws  demonstrated  by  Frank  in  the  ca.'ie 
of  the  frog's  heart  and  subsequently  shown  by  one  of  us  to  hold  in  the  case 
of  the  mammalian  heart,  y\z.,  that,  within  limits,  the  ventricle  responds  to 
progressive  increases  in  the  initial  tension  with  a  steeper  rise  of  pressure 
during  the  isometric  phase.  Schwartz's  deductions,  however,  were  not 
supported  by  any  experimental  work  of  his  o^\■n. 

In  1916,  Straub**  studied  the  dynamics  of  acute  lesions  produced  by 
separating  the  mitral  cusps  by  means  of  a  tiny  wive  frame  inserted  through 
the  auricles.  The  advantage  over  previous  procedures,  which  consisted  in 
cutting  or  hooking  back  valve  segments,  lay  chiefly  in  the  fact  that  normal 
and  abnormal  conditions  could  be  reproduced  many  times  in  succession. 
His  results  indicated  that  during  an  acute  mitral  regurgitation  there  is  a 
marked  diastolic  and  systoUc  distention  of  the  ventricles,  and,  to  judge  from 
left  aiu-icular  pressure  records,  he  also  beheved  that  an  elevation  of  initial 
intraventricvdar  tension  occurs.  Stromhur  records  indicated  that  the  output 
of  the  left  heart  is  only  temporarily  reduced  and  then  recovers  to  normal. 
Volume  curves  indicated  that  the  tidal  volume  entering  and  leaving  the 
left  ventricle  during  a  lesion  remains  unaltered.  Aortic  pressures  were 
unchanged.  These  results  led  this  investigator  to  conclude  that  many  of 
the  essential  djTiamic  mechanisms  incorporated  in  Schwartz's  hypothesis 
apparently  do  not  obtain.  Straub  believes,  however,  that  the  effect  of 
increased  initial  pressure  to  abbreviate  the  isometric  phase  is  of  probable 
importance. 

Unfortunately,  Straub,  in  this  series  of  investigations,  employed  dynamic 
apparatus  which,  at  other  times,  he  had  submitted  to  severe  criticism. 
Consequently,  his  work  netted  only  rough  results  and  left  unstudied  many 
vital  points  that  can  only  be  determined  by  the  use  of  optically  recording 
methods. 
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Hesullg  of  our  experiment^'.  In  our  experimental  work,  we  sought 
chiefly  to  interpret  the  data  supiiUed  in  optical  pressure  curves  recorded 
from  the  left  auricle,  left  ventricle  and  aorta,  but  supplemented  this  bj^  such 
other  experiments  as  proved  necessary.  The  apparatus,  alignment  and 
technic  has  been  described  on  previous  occasions  by  one  of  us.^i  For  producing 
the  lesion  we  employed  a  sound  fitted  A\-ith  a  plunger  as  described  in  detail 
elsewhere.!''  This  wa.s  inserted  through  the  ventricular  wall  into  the  lumen 
of  the  mitral  ring.  When  the  plunger  was  in  place  the  valves  closed  about 
the  apparatus  \nthout  leakage  and  with  no  appreciable  hindrance  to  the 
inflow  of  blood.  When  the  plunger  was  withdrawn,  a  definite  regurgitation 
was  instantly  produced.  This  could  be  recognised  by  the  murmur  which 
■\\as  always  heard  on  auscultation,  and  usualh'  felt  as  a  thrill  by  the  hand 
controUing  the  plunger.  When  optical  records  were  taken  artificial 
respiration  was  temporarilj'  discontinued.  Many  grades  of  lesions  were  thus 
produced  under  a  variety  of  circulatory  conditions.  A  total  of  20 
experiments  yielded  successful  records  of  pressure  curves  in  the  left  heart 
and  systemic  circuit  for  analysis.  These  we  believe  it  more  interesting  to 
discuss  in  a  practical  rather  than  quite  consecutive  order. 

During  what  I'hase  of  the  cardiac  cycle  doe^  the  chief  regurgitation  occur  ? 
There  are  four  phases  of  the  cardiac  cycle  (Wiggers^i)  during  which  intra- 
ventricular pressure  exceeds  intra-auricular  and  during  which  regurgitation 
might  take  place.  These  are  {a)  the  isometric  contraction  phase  (0*05  sec), 
(6)  the  ejection  phase  (0- 11-0-25  sec),  both  subdi\-isions  of  the  period  of 
systole,  (c)  the  protodiastolic  phase  (0-02  sec),  and  (rf)  the  isometric 
relaxation  phase  (005-006  sec),  both  early  phases  of  diastole,  previous  to 
ventricular  tiUing. 

Evidence  as  to  when  regurgitation  chiefly  takes  place  may  be  obtained 
in  several  ways.  We  shall,  first,  analyse  the  immediate  and  stabUised 
changes  produced  by  a  lesion  in  the  pressure  curves  from  the  left  auricle 
and  ventricle.  Consistent  results  were  obtained  in  13  exj^eriments.  The 
immediate  effects  are  typically  illustrated  in  Fig.  4.  The  chief  phases  of 
the  cycle  are  indicated  by  hues  and  letters  referred  to  in  the  legend.  The 
normal  curves  are  typical,  except  that,  in  the  left  auricular  pressure  curve, 
the  positive  peak  during  the  isometric  phase  is  accentuated,  and  that,  at 
the  beginning  of  ventricular  inflow  (F),  the  left  auricular  pressure  falls  but 
httle.  The  former  deviation  is  due  to  the  fact  that  the  heart  could  not  be 
left  to  move  naturally  witliin  the  pericardium,  which  it  was  necessary  to 
open.  The  latter  deviation  is  characteristic  of  left  avuicular  pressure  curves 
when  the  chstention  of  the  left  auricle  is  relatively  shght.  The  moment 
where  the  lesion  was  produced  is  shown  by  the  star.  Note  that  during  the 
lesion  the  left  aiu-icular  pressure  is  elevated  only  ver3'  shghtly  during  the 
isometric  phase  (B-C),  that  in  fact  it  falls  quite  normally  during  the  latter 
portion  of  this  phase.  During  systoUc  ejection  ( C-D)  the  auricular  pressure 
rises  rapidly,  producing  a  greatly  elevated   plateau   upon   wliich   murmur 
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vibrations  characteristic  of  regurgitation  waves  are  superimposed.  This 
increase  in  auricuUir  pressiu-e  does  not  end.  however,  with  the  onset  of 
diastole  (D)  but  continues  for  about  0"0S  of  a  second  into  diastole  (D-F), 
i.e.,  throughout  the  proto-diastolic  and  isometric  relaxation  phases.  Similar 
changes  are  shown  in  Fig.  5.  Such  intra-auricular  pressure  curves  give  the 
impression  that  the  regurgitation  during  the  isometric  phase  is  relatively 
shght,  but  occurs  chiefly  during  the  phase  of  systoUc  ejection  and  during 
the  entire  interval  of  diastole  preceding  rapid  ventricular  filhng. 

These  deductions  are  confirmed  by  an  analysis  of  intraventricular 
pressure  curves.  If  any  considerable  regurgitation  occurs  during  the  isometric 
phase  we  may  anticipate  definite  changes  in  the  gradient  of  the  pressure 
curve  during  this  phase.  In  the  majority  of  cases,  however,  neither  inspection 
nor  the  most  careful  superposition  showed  any  variation  whatsoever  in  the 
slope  of  the  isometric  pressure  gradient.  Only  when  the  pressure  curves 
were  recorded  on  very  rapidly  moving  paper  did  some  of  the  curves  show  a 
barely  recognisable  decrease  in  slope.  The  pressure  at  which  ejection  occurs 
is  obviously  lower,  and  the  pressure-maximum  (summit)  is  reduced  by  \drtue 
of  regurgitation  during  the  ejection  phase  (Figs.  4  and  5). 

These  findings  are  so  contrary  to  current  cUnical  conceptions  as  well 
as  physiological  teaching  that  we  deemed  it  essential  to  substantiate  the 
results  in  other  ways.  This  we  sought  to  do  by  recording  the  volume  changes 
of  the  auricles,  plethj^smographicaUy.  Theoretically,  this  should  make 
it  possible  to  determine,  not  only  the  precise  moment  when  regurgitation 
begins,  but  the  relative  volumes  regurgitated  during  the  several  phases. 
Practically,  however,  it  is  not  so  easy  and  at  times  quite  impossible  to 
record  volume  changes  in  the  auricles  ^ith  great  accuracy.  The  auricles 
lying  on  the  base  of  the  ventricles,  shift  their  position  with  every  ventricular 
movement,  and  are  consequently  moved  into  and  out  of  an  auricular 
eardiometer  even  with  the  best  adjustment.  After  considerable  experi- 
mentation, we  have,  however,  obtained  records  which,  if  not  quite  free  from 
extraneous  influences,  enable  us,  nevertheless,  to  confirm  our  iiudings.  In 
the  upper  record  of  Fig.  6  are  shown  normal  intraventricular  pressure 
changes  and  corresponding  changes  in  the  auricular  volumes,  as  optically 
recorded  by  a  eardiometer  system.  We  interpret  the  volumetric  changes 
of  the  auricular  volume  curves  as  follows  : — The  decrease  in  auricular 
volume  {A-B)  is  due  to  auricular  systole.  B-C  and  CD  represent  the 
isometric  and  ejection  phases  of  the  ventricle,  respectively.  The  primary 
increase  and  subsequent  decrease  of  auricular  volume  during  these  phases 
are  probably  accovmted  for  to  a  considerable  extent  by  movements  of  the 
cardiac  base.  D-E  represents  the  combined  proto-cUastohc  and  isometric 
relaxation  phases.  At  E,  ventricular  inflow  begins.  The  records  are 
sufficiently  accurate  to  show  the  decrease  in  auricular  volume  (E-F)  during 
the  rapid  ventricular  filling  and  the  subsequent  increase  in  auricular 
volume  (F-A )  during  the  phase  of  diastasis. 
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In  the  lower  record  of  Fig.  6  are  shown  the  changes  produced  by  the 
sudden  production  of  a  lesion.  When  the  auricular  volume  at  the  end  of 
the  isometric  contraction  phase  (C)  is  compared  with  the  normal  curves, 
it  is  evident  that  very  little  additional  increase  in  volume  has  taken  place  ; 
in  other  words,  that  regurgitation  during  the  isometric  phase  is  very  slight. 
During  the  systolic  ejection  phase  (C-D),  the  auricular  volume  increases 
markedly,  and  furthermore  this  increase  continues  for  008  of  a  second 
into  diastole,  i.e.,  throughout  the  pro  to -diastolic  and  isometric  relaxation 
phases.  At  the  moment  that  the  a-v  valves  open  and  blood  enters  the 
ventricle  (E),  the  auricular  volume  decreases.  Incidentally,  we  note  that 
the  inflow  volume  during  the  early  filling  phase  {E-F)  is  much  greater  than 
normal. 

Are  the  inlervals  oj  isometric  cuntroctioii  and  fii/stolic  ejection  changed  ? 
In  a  recent  communication,"  one  of  us  pointed  out  that  the  duration  of 
these  phases  can  be  calculated  most  satisfactorily  from  the  combined 
ventricular  and  aortic  jjressure  curves.  We  have  thus  calculated  both 
phases  in  15  experiments.  A  few  of  these  results,  as  related  to  previous 
diastole  length,  are  incorporated  in  Table  I,  and  a  typical  immediate  effect 
is  shown  in  Fig.  8.  They  indicate  that  sometimes  there  is  a  tendency  for 
the  isometric  phase  to  lengthen  in  the  first  cj'cle  after  a  lesion.  Then  the 
l^hase  returns  to  normal  or  becomes  slightly  shorter.  As  a  ride,  it  may  be 
said  that  the  intervals  do  not  deviate  more  than  a  few  thousandths  of  a  second 
from  normal  as  long  as  previous  diastole  remains  unaltered  and  that  the 
i.sometric  contraction  phase  is  never  greatly  prolonged  as  Schwartz  assumes. 

The  cause  of  the  shght  lengthening  of  the  isometiic  phase  in  the  first 
beat  following  a  lesion  is  undoubtedly  occasioned  by  the  small  regurgitation 
into  the  auricle  during  this  phase,  for  careful  superposition  shows  a  shght 
decrease  in  the  gradient  of  pressure  development.  Under  these  conditions 
it  takes  a  longer  time  to  elevate  the  intraventricular  pressure  to  the  level 
of  intra-aortic  diastolic.  As  shown  in  Fig.  8,  however,  the  diastohc  aortic 
pressure  always  falls  by  the  time  the  second  beat  supervenes.  This  probably 
at  once  counteracts  the  slight  tendency  of  the  phase  to  lengthen  by  virtue 
of  the  regurgitation  and  at  times  acts  even  to  abbreviate  tliis  phase.  It  is 
doubtful  whether  this  early  shortening  of  the  isometric  phase  is  aided  by  an 
increa.sing  initial  tension  or  initial  length.  In  most  instances,  as  shown  in 
Fig.  8,  the  return  to  normal  occurs  when  initial  tension  becomes  elevated. 
It  was  further  noted,  however,  that  when  the  initial  pressure  subsequently 
increases  (cf.  Fig.  5)  it  apparently  does  not  affect  the  duration  of  this  phase 
further. 

A  glance  at  such  figures  as  are  shown  in  Table  I  indicates  that,  with 
the  exception  of  the  beat  immediately  following  the  lesion,  there  is  no 
essential  change  in  the  duration  of  the  ejection  phase.  The  small  variations 
that  occur  from  beat  to  beat  are  no  greater  than  those  normally  found 
(cf.  Wiggers").    If  any  change  is  detectable  it  is  a  shght  lengthening  of  the 
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TABLE  \.— Durations  0/  systolic  phases  before  and  after  insufficiency 



Beat            Previous 
Ko.             diastole. 

Isometric 
phase. 

Ejection 
phase. 

Total 
systole. 

Experiment  C  268,  IV,  F. 

1 

0-033 

0-107 

0  140 

1           2         j        0173 

0036 

0-108 

11  144 

3                 0173 

0-036 

0-102 

0-138 

4         !        0180 

0-031 

0107 

0138 

5 

0175 

0-039 

0103 

0142 

6 

0177                0-036 

0-105 

0-141 

1           7         1         0-177 

0-037 

0-100 

0137 

Lesion  produced..         ..              8                  0178 

0  039 

0-102 

0-141    ■ 

9                 0-122 

0-048 

0-072 

0120 

10                 0-234 

0-034 

0-121 

0155 

11 

0180 

0  039 

0113 

0-152 

12 

0-189 

0-035 

0115 

0150 

13 

0170 

0-037 

0-110 

0147 

14 

0-178 

0-033 

0110 

0-143 

15 

0-180 

0-031 

0-111 

0-142 

16 

0176 

0-031 

0-109 

0-140 

17 

0-177 

0-038 

0-110 

0148 

18 

0-177 

0-038 

0-109 

0147 

19 

0181 

0-038 

0109 

0147 

20 

0-175 

0-039 

0-110 

0-149 

21 

0-179        j        0039 

0-110 

0149 

22 

0-179                0-039 

0-108 

0-147 

23 

0-176                0-040 

0-110 

0-150 

24 

0-176                0-040 

0109 

0-149 

25 
Experiment   C  271,  111,  F. 

Lesion 1 

0176 

0039 
0-041 

0-108 
0-161 

0147 
0-202 

2                 0-380 

0-061 

0102 

0163 

3                 0-508                0  041 

0-158 

0-199 

4                  0-445                 0047 

0-148 

0-195 

5                  0-440                 0058 

0-148 

0-196 

6                  0-445                 0-058 

0-138 

0-196 

7                   0-445                   0043 

0141 

0IS4 

8                  0-460                 0  049 

0  142 

0-191 

Normal  restored..         ..              9                  0-458                 0  045 

0-KV. 

0-200 

I 
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TABLE  I. — Durations  of  systolk'  phases  before  and  after  insufficiency. 


15o 


— 

Beat 
No. 

Previous 
diastole. 

Isometric 
phase. 

Ejection 
phase. 

Total 
systole. 

0-460 

0  058 

0-140 

0-198 

0-482 

0  058 

0-158 

0-216 

0-505 

0  058 

0U5 

0-213 

0-511 

0-046 

0142 

0188 

o-r.2i 

0048 

0158 

0-206 

0-.")21 

0  059 

0140 

0-199 

0-520 

0-058 

0-138 

0-196 

Exixsiiment  C   271,  V,    C. 
Lesion     . . 

' 

0-501 
0-403 

0-057 
0-060 

0-138 
0-105 

0-195 
0-165 

0-401 

0-060 

0108 

0-168 

0-401 

0-057 

0-125 

0-182 

Normal 

(Beat  4,  post  compensa- 
tory after  premature 
systole  not  listed.) 

0-527 
0-406 
0-403 

0-041 
0-061 
0-060 

0128 
0-113 
0-120 

0-169 
0-174 
0-180 

0-403 

0-063 

0-105 

0-168      - 

0-405 

0-060 

0-121 

0-181 

0-408 

0  062 

0-111 

0-173 

0-407 

0  065 

0-120 

0-185 

0-408 

0-061 

0-118 

0-179 

0-415 

0-061 

O-IU 

0-172 

Experiment  C   265,   II. 
Normal 

0-406 

0-064 
0-043 

0-122 
0-165 

0-186 
0-208 

0-460 

0-050 

0-170 

0-220 

0-462 

0-055 

0-160 

0-215 

Lesion    . . 

0-460 

0-058 

0-165 

0-223 

0-800 

0  039 

0-182 

0-221 

0-479 

0-059 

0-158 

0-217 

0-460 

0  050 

0160 

0-210 

0-460 

0-060 

0-162 

0-222 

0-465 

0-060 

0170 

0-230 

0-462 

OO-iS 

0163 

0  221 

0-461 

0-0o8 

0161 

0-219 

0-465 

0  051 

oio:! 

0-214 

(1  459 

0  059 

0164 

0-223 
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average  ejection  phases  which  may  probably  be  assigned  to  a  slight  increase 
in  the  initial  tension.  Any  discussion  of  such  alterations  must  necessarily 
be  entirel_v  academic  and  •nithout  practical  significance. 

The  establishment  of  the  constancy  of  the  sj'stolic  phases  is  important, 
not  onlj'  because  this  greatly  simpUfies  the  discussion  of  djniamic  reactions, 
but  also  because  they  prove  that  the  hypothetical  premises  upon  wluch 
Schwartz  based  so  plausible  a  conception  of  cardiodynamics  in  mitral 
regurgitation  do  not  obtain  to  any  degree  in  actual  regurgitation  experi- 
ments. 

Changes  in  the  residual  and  tidal  volumes  of  the  left  heart  mid  aorta. 
Immediately  after  the  induction  of  a  lesion  and  continuing  permanently 
thereafter,  the  volume  of  blood  is  reduced  in  the  aorta  and  increased  in  the 
left  auricle.  This  is  indicated  bj^  the  fact  that  the  average  left  auricular 
pressure  increases  and  the  aortic  pressure-level  falls.  It  becomes  necessary 
to  examine  more  in  detail,  however,  in  what  manner  the  residual  volume  of 
blood  in  the  ventricle  is  affected  and  also  how  the  tidal  volumes  change  after 
a  lesion. 

Whenever  the  residual  volume  of  the  ventricle  increases,  the  ventricle 
is  distended  in  diastole,  and  thereby  the  pressure  just  previous  to  sj'stole 
(i.e.,  the  initial  pressure)  may  be  raised.  Consequently,  if  the  initial  tension 
(as  indicated,  e.g.,  by  points  z  in  Fig.  8)  increases,  we  may  infer  that 
increased  diastoUc  distension  has  taken  place.  The  possibiUtj-  exists, 
however,  according  to  some  investigators,  that  changes  in  diastolic  volume 
may  occur  without  changes  in  initial  tension.  Failiu-e  to  find  increased 
initial  tension  may  therefore  not  necessarily  be  interpreted  as  indicating 
that  the  diastolic  volume  remains  unchanged. 

A  careful  analysis  of  our  experiments  shows  that,  as  a  rule,  the  initial 
pressure  is  elevated  somewhat  within  a  few  beats  after  the  lesion  has  been 
produced.  Thus,  out  of  18  experiments,  the  pressure  was  foimd  to  be  slightly 
elevated  in  13,  unaltered  in  3  and  reduced  in  2.  The  latter  effects  appear  to 
be  artefacts,  however,  for  such  curves  show  a  sharp  di'op  of  intraventricular 
pressure  throughout  auricular  systole.  Tj^aical  immediate  effects  are  illus- 
trated in  Figs.  4  and  8.  In  the  second  and  third  beats,  shown  in  Fig.  8,  a 
shght  increase  in  initial  tension  is  indicated.  Such  changes  are  necessarily 
slight  ill  records  obtained  bj-  intraventricular  pressure  manometers  and 
difficult  to  demonstrate  in  reproductions  of  reduced  size. 

As  a  rule,  the  initial  pressure  continues  to  mount  shghtly,  so  that  in 
records  taken  5-15  minutes  after  the  production  of  the  lesion,  the  initial 
pressure  is  still  higher  (Fig.  5,  x,  last  segment).  Thus,  of  18  experiments 
examined,  this  progressive  and  further  increase  in  the  initial  pressure  was 
found  in  15,  but  in  3  experiments  it  became  shghtly  lower  again.  Obviously 
these  effects  hold  onh'  when  no  presistent  extra-systoles  operate  to  comphcate 
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tlie  dynamics.  The  increase  in  initial  pressure  occurs  whether  the  heart  is 
beating  rapidly  or  slowly.  It  was  observed  whether  venous  pressures  were 
low  or  high  (e.g.,  after  previous  venous  infusion).  The  elevation  is  more 
pronounced  when  arterial  resistance  is  high,  e.g..  when  the  aorta  was 
previously  compressed,  but  we  have  observed  it  also  in  ca.ses  in  which  arterial 
l)ressures  were  very  low. 

These  experiments  corroborate  the  observations  of  Straub,  that  there 
is  a  definite  retention  of  blood  in  the  left  ventricle  which  increases  its 
diastoUc  volume.  It  extends  his  observations  by  showing  that,  as  in  normal 
hearts,  this  increase  in  diastoUc  volume  is  accompanied  by  an  elevation  of 
initial  intraventricular  tension. 

A  consideration  of  jointly  recorded  pressure  curves  enables  us  also 
to  discuss  the  changes  in  the  tidal  volume  entering  and  leaving  the  ventricle. 
Under  stabiUsed  conditions,  the  volume  entering  through  the  mitral  valves 
correspond.?  in  magnitude  to  the  volume  expelled  through  the  aortic  valves 
during  systole.  The  tidal  volume  is  then  measured  bj-  the  systolic  discharge. 
During  mitral  insufficiency,  however,  the  tidal  volume  represents  the  sum 
of  the  sj'stolic  discharge  into  the  aorta  and  the  volume  regurgitated  into  the 
left  auricle.  We  have  already  established  that,  in  consequence  of  a  mitral 
regurgitation,  the  left  auricular  pressure  increases.  Careful  analysis  of  such 
curves  as  are  shown  in  Figs.  4,  5  and  6  prove  that  auricular  pressure  is  not 
greatly  elevated  except  during  the  systoUc  ejection,  and  early  diastolic 
phases.  Consequently,  at  the  moment  that  the  a-v  valves  open  {F  in  Fig.  4) 
a  liigher  filhng  pressure  is  available,  and,  as  show  n  by  E-F  in  Fig.  6,  this 
causes  a  greatly  increased  inflow  of  blood  into  the  ventricles.  There  can  be 
no  doubt  therefore  that  the  filhng  volumes  are  greater. 

Is  the  inflow  increased  sufficiently,  however,  so  that  the  systolic  discharge 
is  restored  to  normal  ?  The  results  obtained  by  Straub^  are  apparently 
contradictorj'.  On  the  one  hand,  he  interprets  his  ventricular  volume  curves 
as  showing  no  increase  in  tidal  volume,  and  yet,  in  sjnte  of  a  leak,  the  minute- 
volume  recorded  by  a  strohmur  in  the  aorta  appears  to  return  to  normal 
when  stabiUsed  conditions  have  been  established.  Our  own  experiments 
give  evidence  that,  on  account  of  this  increased  tidal  volume,  the  systoUc 
discharge  is  restored  within  a  few  beats,  at  least  approximately,  to  normal. 
Aortic  pressure  curves,  such  as  shown  in  Figs.  8  and  9,  show  that  both  systoUc 
and  diastolic  pressures  fall  for  2  to  4  beats.  Then  a  new  d>Tiamic  equiUbrium 
is  estabUshed  and  both  pressures  continue  for  a  while  at  the  same  lo\\er 
level.  Tliis  could  readily  obtain,  provided  the  tidal  volume  remained  normal 
and  the  systolic  discharge  into  the  aorta  continued  to  be  reduced.  In  such 
event,  as  is  readily  demonstrated  by  artificial  circulation  machines,  systoUc 
pressure  falls  more  than  cUastoUc,  and  the  pulse  pressure  remains  smaller 
as  stabiUsed  conditions  supervene.  In  stabiUsed  lesions,  however  (Figs.  8  and 
9),  there  is  always  a  definite  tendency  of  the  pulse  pressure  to  become  larger 
again,  and  in  some  instances  the  normal  pulse  pressure  again  returns.    This 
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would  tend  to  show  that,  in  agreement  with  Rtraub's  stromuhr  results, 
there  is  at  least  an  approximate  restoration  of  the  systoUc  discharge  to 
normal. 

That  this  must  occur  is  also  shown  by  tlie  fact  that  left  auricular 
pressures  continue  to  increase  for  onl}'  a  few  beats  and  then  become  stationary 
(Figs.  4  and  5).  Tliis  can  happen  only  when  the  systohc  discharges  of  the 
two  ventricles  are  exactly  equal,  for,  as  long  as  the  right  ventricle  deUvers  a 
larger  systoUc  volume  through  the  pulmonary  system  into  the  left  auricle 
than  the  left  ventricle  can  pump  into  the  aorta,  the  left  auricular  jiressure 
must  continue  to  increase.  The  failure  of  the  left  auricular  pressure  to 
increase  after  a  few  beats  following  the  lesion  must  therefore  mean  either 
(1)  that,  while  the  s^'stolic  discharge  of  the  left  ventricle  remains  reduced, 
the  discharge  of  the  right  ventricle  is  correspondingly  diminished,  or  (2)  that 
the  discharges  of  both  ventricles  are  normal.  Anticipating  an  analj'sis  of 
oiu-  records  of  right  ventricular  and  pulmonary  arterial  pressure  presented 
in  detail  later  (ciE.  page  160),  it  may  be  stated  that  these  curves  cannot  be 
interpreted  as  sho-ning  that  the  right  ventricular  discharge  is  reduced  in  the 
least.  We  are  therefore  obUged  to  explain  the  dynamic  equilibrium  in  the 
left  auricle  as  due  to  a  restoration  of  the  normal  sj'stolic  discharge  from  the 
left  ventricle. 

It  is  important  to  clearly  understand  the  compensatory  mechanisms 
whereby  the  volume  of  systolic  discharge  is  returned  to  normal  after  a  lesion. 
The  lugher  left  auricular  pressure  and  greater  diastolic  inflow  supply  a  larger 
tidal  volume  for  systolic  ejection.  The  mechanism  whereby  the  left 
ventricle  is  able  to  expel  this  larger  volume  is  the  increased  initial  tension 
within  the  ventricle.  By  increasing  the  velocity  of  pressure  development 
as  well  as  the  vigour  of  its  stroke,  the  larger  inflow  is  actually  expelled  from  the 
ventricle  during  systole.  Should  tliis  mechanism  fail,  the  systohc  residues 
would  progressively  accumulate,  thus  rapidly  and  fatally  dilating  the  ven- 
tricles. Further  evidence  that  the  increased  initial  tension  is  of  value  in 
righting  the  damage  done  by  a  mitral  leak  is  given  in  pressure  curves  obtained 
when  normal  conditions  are  suddenly  restored.  If  the  ventricular  pressure 
curves  during  insufficiency  and  immediately  after  aboUshing  a  lesion  are 
compared,  as  in  Fig.  5,  it  is  obvious  that  the  intraventricular  pressure 
maximum  not  only  returns  to,  but  exceeds,  normal  for  a  while.  Similarly, 
sj'stohc  and  diastolic  aortic  pressure  are  higher  than  before  the  production 
of  a  lesion. 

We  therefore  conclude  that  the  chief  compensator}'  action  of  a  high 
initial  pressure  and  initial  volume  consists  in  the  fact  that,  during  a  lesion, 
the  increased  tidal  volume  is  made  use  of  to  restore  the  systolic  discharge 
approximately  to  normal.  It  does  not  compensate  in  the  sense  that  the 
absolute  systolic  and  diastohc  pressures  are  returned  to  normal,  for  when 
the  arterio-venous  balance  has  once  been  upset  the  arterial  system  contains 
less  blood  and  the  left  auricle  and  ventricle  more. 


MITRAL    INSUFFICIENCY.  159 

//. —  The  dynmnics  of  the  right  heart  and  pulmonary  circuit. 

During  mitral  insufficiency  the  regurgitated  blood  elevates  the  left 
auricular  pressure,  especially  during  the  phase  of  ventricular  ejection  and  early 
diastole.  The  "  back  pressure  theory  "  implies  that  this  increased  pressure 
works  backward  so  that  the  pressures  in  the  pulmonary  artery  and  right 
ventricle  are  also  increased  and  the  right  heart  becomes  dilated.  On  the 
basis  of  careful  cUnical  observation,  Mackenzie  has  reached  the  conclusion 
that  such  congestion  is  not  the  direct  effect  of  a  valve  leakage  but  is  referred 
to  and  indeed  only  present  when  there  is  a  coincident  myocardial  weakness. 

Previous  work.  On  the  whole,  the  results  of  experimental  work  have  not 
supported  the  theory  that  a  mitral  regurgitation  directly  causes  a  damming 
back  of  blood  into  the  pulmonary  artery  and  right  ventricle.  Bettleheim 
and  Kauders,!  as  well  as  McClure  and  MacCallum,-''  found  no  significant 
variations  of  pulmonary  mean  pressure  ;  indeed,  the  latter  investigators 
often  recorded  a  slight  fall.  Straub^  recorded  right  ventricular  and 
auricular  pressures  by  membrane  manometers  and  found  no  demonstrable 
changes  in  either  their  initial  or  maximum  pressures. 

Several  explanations  have  been  offered  as  to  why  the  natural  equilibrium 
of  the  pulmonary  circuit  and  right  heart  are  maintained. 

(1)  The  regurgitated  blood  may  be  entirely  accommodated  in  the 
expansible  left  auricle  and  its  venous  tributaries  or  new  intrapulraonary 
vessels  may  be  opened  up.  This  apparently  happens  after  aortic  compression 
in  normal  hearts,  for  Straub*  found,  in  such  cases,  that  the  volume  of  the 
lungs  increases  without  any  alteration  of  pulmonary  arterial  or  right 
ventricular  pressure.  According  to  this  conception,  which  is  also  favoured 
by  Gerhardt,-  the  increased  left  auricular  pressure  will  affect  neither  the 
pulmonary  arterial  nor  right  ventricular  pressure  and  volume  until  the 
limit  of  accommodation  has  been  reached  in  the  left  auricle  and  its  venous 
tributaries.  In  other  words,  mitral  insufficiency  per  se  is  able  to  produce  no 
more  than  a  passive  venous  congestion. 

(2)  On  the  supposition  that  the  reduced  systoUc  discharge  of  mitral 
insufficiency  causes  a  smaller  volume  flow  through  the  peripheral  vessels 
and  consequently  a  diminished  venous  return,  McClure  and  MacCallum  have 
suggested  that  the  systolic  discharge  of  the  right  heart  is  thereby  auto- 
matically reduced.  This  would  tend  to  counteract  any  tendency  that  back 
jjressure  effects  may  have  to  elevate  the  pulmonarj'  arterial  pressures. 

(3)  Henderson  and  Prince^  have  shown  that  in  the  perfused  heart 
a  greater  distention  of  the  left  ventricle  acts  to  push  the  intraventricular 
septum  to  the  right  and  thereby  diminishes  the  capacity  and  systolic  discharge 
of  the  right  ventricle.  Since  the  left  ventricle  is  thus  distended  during  mitral 
regurgitation  it  is  possible  that  the  pulmonary  balance  is  maintained  in  this 
way. 
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Effects  on  pulmonary  systolic  and  diastolic  pressures  and  on  the  contour 
of  the  pulse.  Optical  records  of  pulmonary  arterial  pressures  are  not  onlj- 
more  delicate  than  mean  pressure  tracings  in  showing  possible  effects,  but, 
by  changes  in  the  systolic  and  diastohc  pressures,  as  well  as  the  pulse  contour, 
permit  an  interpretation  of  the  nature  of  the  compensatory  mechanism,  if 
such  exists. 

In  11  trials  pulmonary  arterial  tracings  showed  no  alterations  of  either 
systolic  or  diastohc  pressures.  In  one  experiment  systohc  pressure  decUned 
briefly  and  then  slightly  rose.  In  one  experiment  only  was  there  a  definite 
but  sUght  increase  in  systohc  pressure.  Fig.  9  illustrates  the  only  experiment 
where  the  systohc  pressure  increased  slightly.  It  is  ob\-ious  that  even  in 
this  case  no  considerable  volume  of  blood  could  have  dammed  back  into  the 
pulmonary  arteries. 

In  cases  where  no  changes  in  sj'stolic  and  diastohc  pressures  were 
recorded,  careful  inspection  showed,  however,  that  the  contour  of  the  systohc 
summit  changes  sUghtlJ^  Thus  the  systohc  plateau  which  before  the  lesion 
was  dechning,  becomes  shghtly  more  horizontal  after  the  lesion.  In  Fig.  9, 
the  cause  of  the  increased  systohc  pressure  rise  is  clear.  It  vdH  be  noted 
that  following  the  sharp  primarj^  elevation  (a-b)  the  pressure  mounts  more 
steeply  to  a  summit  (c)  and  through  this  actually  elevates  systohc  pressure 
a  trifle. 

Such  records  enable  us  to  estimate  the  degree  of  the  "  back  pressure  " 
effect  to  a  nicety.  Apparently  only  during  mid-systole,  i.e.,  when  left 
am-icular  pressures  are  elevated  to  the  maximum,  is  there  sufficient 
tns-n-fronte  to  affect  the  pulmonary  arterial  pressure.  If  the  pulmonary 
pressure  curve  is  declining  during  systohc  ejection,  the  plateau  merely 
becomes  shghtl}'  more  horizontal  during  a  lesion,  but  pulmonary  systolic 
pressure  is  not  elevated.  If  pulmonary  pressure  ascends  during  the  ejection- 
phase,  the  slope  becomes  steeper,  and,  as  a  result,  systohc  pressure  is  shghtly 
elevated.  Since  the  left  auricular  pressures  are  elevated  but  httle  during 
diastole  (Figs.  4  and  5)  there  is  no  back  pressure  effect  at  this  time,  and 
consequently  tUastohc  pressures  remain  unaltered. 

The  unchanging  amphtude  of  the  pidmonary  pressure  curves  also 
indicates  that  the  systolic  discharge  of  the  right  ventricle  is  unaltered. 
This  fails,  on  the  one  hand,  to  support  the  idea  that  the  pulmonary  volumes 
are  kept  constant  by  a  reduced  discharge  of  the  right  ventricle,  and,  on  the 
other  hand,  to  lend  any  support  to  the  idea  that  the  right  heart  helps  to 
compensate  for  a  leakage  of  the  mitral  valve  by  giving  a  larger  chscharge. 
The  latter  confirms  the  conclusion  reached  by  Straub,^  although  Stadler' 
beheves  that  when  the  leak  is  large  the  right  ventricle  compensates.  We 
have  been  unable  to  find  any  support  for  this  assumption,  even  when  valvular 
insufficiency  was  very  great. 
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Are  back  pressure  effects  observed  in  the  right  ventricle  ?  We  have  found 
it  most  difficult  to  obtain  synchronous  records  of  right  and  left  ventricular 
pressures  which  are  at  once  free  from  teclinical  errors,  and  in  which  the 
heart  is  not  hypodynamic.  The  fixation  of  two  ventricles  by  rigid  mano- 
meters, together  with  the  introduction  of  the  sound,  proved  very  difficult. 
Among  many  failures,  we  nevertheless  obtained  several  good  experiments. 
Such  a  curve  is  shown  in  the  first  record  of  Fig.  10.  In  this  case  the  right 
ventricular  pressure  maximum  of  the  first  beat,  for  some  unexplained  reason, 
is  shghtly  higher.  Thereafter  initial  and  maximum  pressures  are  unaltered. 
This  was  the  typical  effect.  No  changes  in  contour  could  be  detected  by 
most  careful  study.  Obviously  such  changes  in  pulmonary  arterial 
resistance  as  are  shown  by  a  change  in  the  contour  are  not  transmitted  to 
the  right  ventiicle.  These  curves  also  give  no  evidence  that  the  systolic 
discharge  is  changed  in  the  least.  The  initial  pressure  and  slope  of  the 
pressure  curves  remained  absolutely  unchanged.  Such  effects  persist  for  a 
considerable  length  of  time  after  the  lesion,  and  are  interpreted  as  sole 
eflects  of  the  mitral  damage. 

Owing  to  the  complexity  of  these  experiments  the  heart  was  required 
to  work  under  extremely  unfavourable  conditions,  with  the  result  that  it 
very  quicldy  decreased  in  vigour.  The  initial  tension  in  the  left  ventricle 
then  rose,  but  this  produced  only  a  lower  pressure  maximum.  Obviously 
the  left  side  dilated,  a  fact  that  could  readily  be  verified  by  observations. 
In  such  instances  the  initial  pressure  in  the  riglit  ventricle  was  also  found 
to  be  increased,  but  its  pressure  maximum  was  higher.  The  incipient  stages 
of  these  changes  is  well  shown  in  the  second  record  of  Fig.  10.  Here  the  left 
ventricular  pressiu-e  maximum  is  ju.st  beginning  to  decrease  and  the  right 
ventricular  pressiu-e  maximum  to  increase.  This  indicates  that  in  failure 
of  the  left  heart  there  is  a  back  pressure  effect  leading  first  to  a  distention 
of  the  right  ventricle  during  diastole.  As  long  as  the  right  ventricle  is  able 
to  respond  Avith  greater  discharge  aiid  higher  pressure  maximum,  however  (as 
in  Fig.  10),  no  systoUc  retention  occiu-s,  and  the  heart  is  not  decompensated. 

Ill- —  A  conception  of  the  cardiodynamics  of  mitral  insufficiencii. 

In  formulating  our  conception  of  the  cardiodynamics  of  mitral 
insufficiency,  we  must  begin  with  an  explanation  and  proof  as  to  why 
regurgitation  occurs  to  so  slight  a  degree  during  the  phase  of  rising  tension 
and  takes  place  chiefly  during  the  phase  of  sj-stoUc  ejection,  and,  lastly, 
why  it  continues  for  0-08-009  of  a  second  into  the  early  phases  of  diastole. 
Two  factors  undoubtedly  account  for  this  distribution  of  regurgitation. 
The  isometric  contraction  phase  is  of  very  short  duration  (O-04-OOo  of  a 
second),  and  during  this  interval  the  pressure  increases  roughly  from  4  to 
60  mm.  Hg.  This  short  interval  is  practically  required,  however,  to  overcome 
the  inertia  of  the  blood  -within  the  ventricles,  with  the  result  that,  imder 
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the  relativt'ly  low  pressure  existing,  the  blood  is  not  set  in  backward  motion 
initil  the  aortic  valves  open.  This  makes  it  impossible  for  any  considerable 
regurgitation  to  take  place,  even  though  an  opening  of  considerable  size 
exists.  On  the  other  hand,  systohc  ejection  continues  for  ()■  15-0-25  of  a 
second,  and  during  this  interval  the  intraventricular  pressure  ranges  from 
60  to  160  mm.  Hg.  The  continuation  of  such  i)ressures  for  many  hundredths 
of  a  second  makes  it  possible  for  considerable  leakage  to  take  place.  Finally, 
during  the  early  phases  of  diastole,  viz.,  during  the  proto-rUastolic  and 
isometric  relaxation  phases,  equal  to  0-08-009  of  a  second,  intraventricular 
pressure  continues  definitely  above  intra-auricular,  consequently  regurgi- 
tation during  systolic  ejection  continues  into  diastole. 

That  these  physical  factors  determine  the  time  of  regurgitation  can 
be  demonstrated  successfully  by  the  simple  apparatus  shown  in  P"ig.  1.     It 


Fig.  1. 


Physiological  apparatus  to  demonstrato  tliat,  imder  rapid  tension  development,  very 
little  regurgitation  occurs  for  0-05-0-06  of  a  second.     Descripition  in  text. 


consists  of  a  chamber  ( A)  to  which  an  optical  manometer  (J/)  recording 
the  pressure  within  it,  is  attached.  The  pressui'e  is  increased  by  rapidly 
compressing  a  large  bulb  [B).  In  so  doing,  fluid  can  be  displaced  either 
through  a  tube  (1  cm.  long  and  6  mm.  internal  diameter)  into  a  bottle  (C) 
against  a  fluid  column  varying  from  60-150  mm.  of  water  or  by  a  larger 
tube  (1  cm.  in  diameter)  through  a  valve  into  a  second  receptacle  [F) 
containing  a  mercury  column  equal  to  60-80  mm.  Hg.  The  time  relations 
of  regurgitation  to  the  pressure  development  as  well  as  the  volume  actually 
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regurgitated  into  the  bottle  (0)  under  different  jiressure  conditions  may 
be  optically  recorded  by  connecting  the  bottle  C  to  a  segment  tambour  (D) 
and  optical  capsule  (E).  We  endeavoured  in  the  main  to  reproduce  pressure 
variations  similar  to  those  in  the  heart. 

Fig.  7  shows  such  records.  It  is  obvious  that  when,  in  such  a  system, 
the  pressure  rises  rapidly  to  a  point  corresponding  apprc^cimately  to  the 
isometric  phase  ( A-B),  the  regurgitation  is  exceedingly  slight.  During  the 
subsequent  rise  and  fall  of  pressure  (B-C)  corresponding  roughly  to  the 
ejection  phase,  a  larger  volume  is  regurgitated.  As  in  the  heart,  this  back 
flow  does  not  cease  when  compression  is  stopjjed  (i.e.,  when  artificial  diastole 
begins)  but  continues  for  about  008  of  a  second  more,  i.e.,  until  D.  The 
volume  curves  mount  markedly  during  these  phases,  not  because  of  any 
relation  to  contraction  or  relaxation  of  muscle  fibres,  but  solely  because 
the  a-v  pressure-difference  is  greatest  and  time  is  available  for  this  to  express 
itself  by  an  actual  transfer  of  a  considerable  blood  volume  from  ventricle 
to  auricle.  This  transfer  continues  as  long  as  a  pressure  difference  exists 
between  auricle  and  ventricle,  and  therefore  extends  into  the  early  phases 
of  diastole.  The  fact  that  the  diu:ation  of  the  i.sometric  phase  remains 
practically  unaltered  is  therefore  not  necessarily  associated  with  any 
compensatory  mechanisms  as  Schwartz  and  Straub  suggest,  but  is  due 
solely  to  the  physical  fact  that  practically  no  energy  is  lost  consequent  upon 
regurgitation.  The  very  shght  decrease  in  rate  of  tension  development  that 
may  exist  is  nicely  counterbalanced  by  a  lowered  diastolic  pressure  in  the 
aorta. 

The  consecutive  events  that  follow  appear  to  be  quite  clear  :  (1)  By 
virtue  of  the  mitral  regurgitation  during  the  ejection  phase  of  systole,  the 
systolic  discharge  into  the  aorta  is  at  once  reduced,  and  in  consequence, 
aortic  systoUc  and  diastoUc  pressures  fall.  As  the  height  of  the  ventricular 
pressure-maximum  is  governed  by  the  arterial  systoHc  pressure,  the  former 
is  also  decreased.  (2)  By  virtue  of  the  regurgitation,  the  volume  and  pressures 
of  the  left  auricle  are  increased  at  the  moment  that  the  mitral  valves  open 
completely.  Under  this  greater  head  of  pressure  the  left  ventricle  receives  a 
greater  volume  in  diastole.  This  increases  the  initial  pressure  and  distends 
the  ventricle.  Under  such  conilitions  the  valvularly  insufficient,  Uke  the 
normal  heart,  is  capable  of  expelling  a  larger  tidal  volume.  While  this 
operates  in  the  valvularly  insufficient  heart  to  increase  the  volume  regurgi- 
tated to  a  certain  extent,  it  also  has  the  effect  of  augmenting  the  systolic 
discharge.  Therefore,  within  a  few  beats  after  the  induction  of  an 
insufficiency,  stabihsed  conditions  have  been  restored,  left  auricular  pressure 
during  systoUc  ejection  is  not  fiu-ther  increased,  and  the  systofic  tlischarge 
of  the  left  ventricle  has  been  restored  approximateh'  to  normal,  and  asrain 
equals  that  of  the  right  ventricle. 

The  nature  of  the  reaction  may  be  illustrated  by  hypothetical  data 
shown  in  Table  II. 
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TABLE  II. 


— 

Right  vent, 
discharge. 

Tidal 
vohime. 

Regurgitation 
volume. 

Systolic 
ejection. 

Xormal        . . 

1 
12  c.c.            1 

12  c.c. 

0 

12  CO. 

After  insuff.  1st  beat 

12  c.c.            I 

12  c.c. 

3  c.c. 

9  c.c 

2nd  beat 

12  c.c. 

15  c.c. 

4  c.c. 

11  c.c. 

:ird  beat 

16  CO. 

4  c.c. 

12  CO. 

The  augmented  volume  of  blood  iu  the  left  auricle  is  accommodated 
by  an  expansion  of  the  left  auricle  and  pulmonary  veins  and  possiblj'  by 
the  opening  of  collapsed  vessels.  The  j^ressures  in  the  left  auricle  and 
pulmonary  veins  are  not  appreciabh-  higher  throughout  the  cardiac  cycle 
but  augmented  only  during  the  phase  of  sj-stolic  ejection.  Consequently 
the  vis-ii-fronle  is  altered  neither  during  diastole  nor  the  isometric  phase  of 
systole.  .Since  the  flow  of  blood  from  pulmonary  arteries  to  veins  thus 
remains  unaltered,  the  pulmonary  diastolic  pressures  are  not  affected.  If 
the  left  auricular  pressure  becomes  very  high  diuring  systolic  ejection,,  however, 
the  increased  vis-ii-fronte  may  affect  the  rate  of  pressure  development  during 
systolic  ejection.  As  the  pressure  curve  usually  shows  a  descencUng  plateau, 
however,  this  does  not  as  a  rule  cause  the  s\-stoUc  pressure  summit  to  increase. 
Only  exceptional!}',  where  the  ascending  plateau  rises,  does  this  act  to 
elevate  systolic  pressure  itself.  No  changes  therefore  occur  in  the  pressures 
and  volumes  of  blood  contained  in  the  right  heart.  These  changes  indicate 
that  the  pulmonary  arteries  may  be  distended  a  trifle  more  during  s\stolic 
ejection  but  not  during  diastole,  but  they  cannot  be  held  to  inchcate  a 
backing  up  of  blood  as  conceived  of  clinically. 


IV. — Beactions  under  altered  circulatory  conditions. 

The  heart  with  leaking  mitral  valves,  as  the  unimpaired  heart,  is 
required  at  times  to  operate  under  changed  circulatory  conditions.  Thus 
the  heart  rate  may  change,  the  arterial  resistance  be  increased  or  decreased, 
and  the  volume  of  blood  returning  to  the  heart  may  alter.  Are  the  cardio- 
dj'namics  affected  differentlj'  than  in  a  normal  heart  ? 

1.  Special  consequences  produced  by  rale  changes.  We  have  studied  the 
effects  of  changing  heart  rate  in  mitral  regurgitation  by  cutting  or  stimu- 
lating the  vagi  nerves  and  find  that  all  the  cardiac  reactions  recently  described 
by  one  of  us^i  are  also  found  when  the  mitral  valves  are  incompetent.  .Since 
the  greatest  volume  of  regurgitation  occurs  chiefly  during  the  ejection  phase, 
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and  as  the  duration  of  tliis  phase  lengthens  materially  when  the  heart  slows, 
it  may  be  anticipated  that  the  regurgitation  volume  increases  inversely 
(though  not  necessarily  proportionally)  as  the  rate. 

It  is  difficult  to  obtain  satisfactory  experimental  evidence  as  to  the 
importance  of  this  factor.  It  has  already  been  pointed  out  that  auricular 
volume  curves  are  not  accurate  as  regards  quantitative  studies  of  the  volume 
regurgitated.  Probably,  however,  the  increase  in  regurgitated  volume  is 
fairly  proportional  to  the  elevation  of  left  auricular  pressure  during  the 
ejection  and  early  diastolic  phases.  Accordingly  we  can  obtain  some 
comparative  estimate  of  the  volumes  regurgitated  by  comparing  the 
percentage  changes  in  left  auricular  pressiu-e  during  these  phases.  In  order 
to  make  comparative  studies  of  the  regurgitation  at  rapid  and  slow  rates, 
it  is  necessary  to  have  definite  controls.  This  we  attempted  to  do  by 
recording  left  auricular  pressure  in  the  following  sequence  : — 

1.  Normal  pressiu-e  variations  when  both  vagi  nerves  had  been  cut. 

2.  Curves  taken  4-S  minutes  after  production  of  a  mitral  lesion. 

3.  Curves  taken  when  a  continuous  vagus  slowing  was  produced 

during  the  continuance  of  the  same  lesion. 

4.  Curves  taken  when  the  same  slo\ving  continued  but   normal 

valvular  actions  had  been  restored. 

5.  Curves  taken  as  in  1 . 

By  comparing  ciu'ves  under  1  and  2,  the  percentage  increase  in  left 
auricular  pressure  during  the  ejection  and  early  diastolic  phases,  can  be 
calculated,  and  thus  a  factor  for  the  volume  of  regurgitation  at  rapid  rates 
established.  By  similar  comparison  of  3  and  4,  the  percentage  change  of 
left  auricular  pressure  during  slow  rates  can  be  evaluated  for  similar  intervals. 
Transcribed  records  of  such  an  experiment  are  shown  in  Fig.  2.  In  these 
the  vertical  increase  (x-ij)  indicates  the  actual  pressure  elevation  during 
sj'stoUc  ejection.  From  these  the  percentage  increase  is  readily  calculated. 
Calculations  of  several  such  experiments  indicate  that  the  increase  in  auricular 
pressiure  during  systoUc  ejection  and  early  diastole  is  definitely  greater  in 
slow  than  in  rapid  beats.  Thus  in  the  experiment  above  referred  to,  the 
increase  in  left  auricular  diastoHc  pressure  resulting  from  a  mitral  leak  was 
38  per  cent,  when  the  cj'cle  length  was  0-38  of  a  second  and  the  ejection 
phase,  0115  of  a  second;  whereas  it  increased  to  87  per  cent,  when  the 
cycle  length  was  0-64  of  a  second  and  the  systolic  ejection  phase  was  01 8  of 
a  second.  Tliis  suppUes  evidence  that  the  regiu-gitation  is  definitely  increased 
in  slow  beats. 

Does  this  greater  regurgitation  also  imply  that  the  systolic  discharge 
is  affected  more  when  the  heart  is  slow  than  when  it  is  rapid,  or  is  this  perhaps 
compensated  by  the  greater  rate  of  diastohc  filhng  and  the  greatly  increased 
tidal  volume  moved  duiing  each  systole  ?    Our  evidence  is  indirect  but  very 


WIGGERS     AND     H.     FEIL. 


de&ute  We  have  sought  to  repeat  the  series  of  experiments  above  outUned 
and  note  the  effect  on  percentage  changes  in  maximum  left  ventricular  as 
well  as  in  systohc  and  diastolic  aortic  pressures.  Such  comparisons  in  four 
experiments  consistently  showed  that  after  a  lesion  there  is  no  greater 
percentage  change  in  these  pressures  at  slow  than  rapid  rates.  This  is 
Illustrated  by  data  from  two  experiments  incorporated  in  Table  III. 

TABLE  III. 
Percentage  decrease  in  pressures. 


Pressure 

Aortic 

- 

maxunum 

systolic 

m  vent. 

pressure. 

Experiment 
C  265  II -ni 

7 

U 

3 

13 

Experiment              J 
C  267  I                   1 

8-5 

3 

100 

3 

0139-0158* 
0149-0159t 


018* 
0-208t 


before  lesion.  f  Variations  after  lesion. 
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It  is  obvious  that  even  when  the  ejection  phase  is  lengthened  as  much 
as  0-1  of  a  second  there  is  no  greater  jiercentage  reduction  of  aortic  and 
ventricular  pressure.  Consequently  we  may  infer  that  the  increased 
regurgitation  occasioned  by  prolongation  of  systolic  ejection  is  compensated 
for  adequately  by  the  greater  tidal  volume  moved  during  each  systole, 
with  the  result  that  the  systolic  discharge  remains  relatively  unaltered. 

2.  Reaction  to  changes  in  venous  return.  In  mitral  insufficiency  the 
heart  may  under  various  conditions  be  required  to  react  to  increasing 
volumes  of  venous  return,  either  temporary  or  permanent  in  character. 
Among  these  may  be  mentioned  the  physiological  increased  return  during 
exercise  or  pathological  increases  during  conditions  of  hydremic  plethora. 
Is  the  heart  able  to  prevent  pulmonary  congestion  in  such  instances  by 
augmenting  the  systoUc  discharge  ?  Is  the  volume  of  blood  regurgitated 
so  increased  by  virtue  of  higher  intraventricular  pressure  and  by  the, 
prolongation  of  its  systole  that  pulmonary  congestion  results. 


Fig.  3.  Two  series  of  transcribed  curves  of  left  ventricular  pressures  tiuri 
showing  increasing  pressure  maxima  with  increasing  initial  tension 
Nvunerals  indicate  right  auricular  pressure  in  mm.  saline. 


litral  insufficiency 
ifusion  continues. 


Experiments  were  carried  out  in  which  sahne  infusions  were  given 
until  the  venous  pressures  equalled  from  130  to  220  mm.  of  saline  ;  for  up 
to  these  levels  normal  hearts  were  able  to  respond  mth  increased  systolic 
discharge  and  a  progressive  elevation  of  initial  tension  and  pressure  maximum 
(Wiggers  and  Katz^'). 

In  mitral  insufficiency  experiments,  it  was  found  that  here,  too,  the 
initial  and  maximal  intraventricular  pressiu-es  increased  to  the  end. 
Illustrated  curves  from  two  experiments  are  shown  as  transcribed  records 
in  Fig.  3.  Owing  to  the  necessary  absence  of  controls  it  was  of  course 
impossible  to  determine  for  any  given  heart  whether  the  reserve  limit  (as 
judged  by  the  failure  of  the  pressure-maximum  to  increase  with  increasing 
initial  tension)  was  actually  as  great  as  normal.  It  is  evident,  however, 
that  it  is  not  greatly  reduced  below  that  of  the  average  normal  heart. 
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As  in  normal  hearts,  we  found  the  dnration  of  systohc  ejection  in- 
creased during  augmented  venous  return.  With  the  prolongation  of  systohc 
ejection  and  a  higher  pressure-maximum  in  the  ventricle,  it  may  logically 
be  anticipated  that  the  volume  of  regurgitation  would  be  augmented. 
That  such  is  the  case  is  indicated  by  the  percentage  increase  of  auricular 
pressure  during  the  ejection  phase  when  compared  with  normal  conditions. 
Thus.,  when  these  percentage  changes  were  calculated,  as  previously 
explained,  it  was  found  in  an  experiment  shown  in  Table  IV  that  under 
normal  conditions  of  venous  pressure  the  production  of  a  lesion  caused 
about  17  per  cent,  increase  of  auricular  pressure  during  systohc  ejection. 
During  the  course  of  infusion  this  percentage  pressure-rise  became  greater 
and  greater,  until,  when  right  auricular  pressure  of  120  mm.  had  been  reached, 
it  equalled  132  per  cent.  Upon  then  remo\-ing  the  valvular  lesion,  the 
normal  pressure  elevation  was  again  restored  ;  in  fact,  the  actual  systolic 
rise  of  auricular  pressm-e  was  shghtly  less  than  at  the  start. 


TABLE  r\'.     {Experiment  G  275.) 


Venous  pressure 

Percentage 

increase  or 

decrease 

compared  with 

V,b. 

Obsoiva 

tion  V 

b  Normal 

40 

_ 

c   During  lesion 

40 

1"  % 

VI 

6  Lesion  and  infusion  started 

55 

17  % 

c  Infusion  continued         

85 

95% 

d  Infusion  continued         

120 

132  % 

c  Infusion  continued 

130 

129  % 

/   Restoration  to  normal 

130 

-9  % 

Further  examination  of  the  auricular  pressure  curves  during  such 
infusion  incUcates  that,  while  the  volume  of  regurgitation  is  greater,  the 
auricles  are  also  emptied  more  completely  during  each  early  diastohc 
inflow  phase.  This  has  two  effects  : — (1)  Left  auricular  pressure  is  not 
greatly  elevated  during  diastole  ;  and  (2)  the  systolic  discharge  is  greatly 
augmented.  By  ^nrtue  of  the  first  factor  the  resistance  in  the  pulmonary 
circuit  is  altered  relatively  little  in  diastole,  consequently  pulmonary  diastohc 
pressure  also  rises  very  little  (Fig.  11).  By  virtue  of  the  latter  factor  both 
systohc  and  cUastolic  pressures  increase  greatly  in  the  sj^stemic  circuit, 
the  pulse  pressure  becoming  greater  (Fig.  11).  While  the  increase  in  pul- 
monary systolic  pressure  must,  to  a  large  extent,  be  due  to  the  increased 
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discharge  from  the  right  ventricle,  the  question  arises  whether  it  is  not  to  a 
certain  extent  at  least  occasioned  by  the  elevated  left  auricular  jjressure 
which  occurs  during  systole.  That  the  latter  is  not  an  important  factor 
is  shown  by  the  fact  that  if  normal  mitral  action  is  restored  after  a  generous 
infusion,  pulmonary  systolic  pressures  are  not  changed  in  the  least.  This 
is  well  illustrated  in  the  last  segment  of  Fig.  1 1 . 

Reactions  to  changes  in  arterial  resistance.  Hypertension,  whether 
permanently  associated  with  nephritis,  arteriosclerosis,  etc.,  or  occurring 
temporarily  as  an  effect  of  a  sudden  phj-siological  strain,  more  than 
occasionally  comj^Ucates  mitral  regurgitation.  Are  such  conditions  accom- 
panied by  increased  regurgitation  and  impairment  of  the  heart  ?  May  the 
heart  be  reUeved  under  such  conditions  by  the  use  of  vasodilating  drugs 
which  affect  the  peripheral  vessels  ? 

Methods  and  results.  Our  experiments  consisted  in  studying  the  effects 
produced  when  arterial  resistance  was  increased  through  general  reflex  vaso- 
constriction or  by  mechanical  compression  of  the  abdominal  aorta.  The 
reverse  effects  of  lowered  resistance  could  readily  be  gauged  by  the  recoverj' 
from  these  procedures,  but  additional  substantiation  of  the  results  was 
obtained  by  the  use  of  vasodilating  drugs  such  as  amyl  nitrite  and  nitro- 
glycerine. 

Using  the  criterion  explained  in  detail  abov^e  (viz.,  the  percentage 
increase  in  left  auricular  pressure  during  systolic  ejection),  we  studied  the 
effects  of  increased  arterial  resistance  on  the  relative  volumes  regurgitated. 
The  results  of  six  such  experiments  indicate  without  doubt  that  as  the 
aortic  resistance  is  increased  the  volume  of  regurgitation  also  increases. 
This  occurs  to  some  extent  even  when  comparatively  small  elevations  of 
aortic  pressure  occur  and  when  the  arterial  pressure  at  the  start  is  com- 
paratively low.  The  regurgitation  becomes  very  excessive  when  the  elevation 
of  aortic  pressure  is  great,  and  causes  then  a  general  elevation  of  left  auricular 
pressure  at  all  moments  of  the  cardiac  cycle.  Conversely,  when  arterial 
resistance  is  diminished,  e.g.,  as  a  result  of  aortic  decompression  or  the 
administration  of  nitrites,  the  regurgitation  volume  lessens. 

These  conclusions  are  well  illustrated  by  direct  inspection  of  the 
decompression  curve  of  Fig.  12,  but  are  even  more  clearly  shown  by  the  data 
incorporated  in  Table  V. 

In  observations  IV  and  V,  shown  in  tliis  Table,  the  effects  of  moderatelj' 
increasing  the  relatively  low  arterial  pressure  by  stimulation  of  the  right 
vagus  nerve,  centrally,  are  compared  in  normal  hearts  and  in  one  with  a 
mitral  leak.  In  valvular  leaks  (  V),  the  general  level  of  left  auricular  pressure 
increased  7  mm.  saline  and  the  regurgitation  pressure  during  systole 
augmented  40  to  50  per  cent.  Identical  changes  in  arterial  pressure  produced 
no  alteration  of  left  auricular  pressure  whatsoever  in  normal  hearts  (IV). 
Similar  results  follow  more  marked  changes  of  arterial  pressures,  as  shown 
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TABLE  V. 
Experiment  315. 


Actual 

Percentage 

Systemic 

Maximum 

pressure 

systolic 

'  left 

rise  in  left 

press,  rise  of 

Observation. 

pressure. 

aur.  press. 

auricle. 

left  auricle. 

Remarks. 

mm.  Hg. 

mm.  saline. 

mm.  saline. 

mm.  saline. 

IV  a 

60 

64 

5.5 

_ 

Right  vagus  (central  end). 

\alves 

b 

78 

64 

5-5 

0 

normal. 

87 

64 

5-5 

0 

d 

81 

64 

5-5 

0 

V  a 

58 

71 

10 



b 

76 

78 

14-15 

+  40-50 

Right  vagiis  (central  end). 

Mitral 

c 

75 

78 

14-15 

-f  40-50 

leak. 

d 

62 

77 

9-10 

0 

VI  a 

59 

74 

10-10-5 

0 

Left    vagiis   (central   end). 

Mitral 

b 

89 

79 

15 

-f50 

leak. 

c 

93 

78 

14 

+  40 

d 

69 

74-75 

10-5-11 

0 

e 

70 

74-75 

11-12 

0 

f 

77 

76 

13-14 

+  30- +  40 

9 

87 

63-5 

5-5 

-45 

Normal  valves. 

VII  a 

69 

65 

6 

_ 

Left  vagus  (central  end). 

Normal 

b 

105 

65 

6-6-5 

0 

valves. 

c 

105 

64 

6 

0 

d 

75 

64 

5 

0 

VIII  a 

84 

72 

10-10-5 

_ 

Aortic  compression.    Mitral  leak. 

b 

138 

80 

15 

+  50 

177 

103  ?* 

30  ?* 

+  200* 

d 

182 

110 

42 

-t-320 

e 

90 

94 

20 

+  100 

^ 

63 

54 

8 

-20 

IX  o 

78 

74 

15 

+  20 

Aortic  compression  normal 

(very 

6 

153 

86 

18 

+  20-  +  33 

slight  regurgitation). 

c 

178 

96 

18-20 

-20 

d 

105 

80 

12 

-33 

' 

63 

60 

10 

~ 

■  Curves  otf  drum  ;  estimated  chang 


in  observations  VI  and  VII.  In  observations  VIII  and  IX  are  shown  the 
effects  produced  when  extreme  changes  in  arterial  pressure  are  produced  as  a 
result  of  aortic  compression.  In  observation  IX  the  curves  show  a  very 
sUght  inherent  leakage,  however,  so  that  the  differences,  though  marked, 
are  not  as  great  as  shown  in  cases  where  absolutely  normal  reactions 
followed.  The  results  show  that  whereas  during  a  le.sion  (VIII)  the 
systoHc  volume  regurgitated  brings  an  estimated  percentage  increase  of 
auricular  pressure  of  over  300,  when  aortic  pressure  rises  from  84  to 
182  mm.  Hg,  with  only  a  sUght  leakage,  the  increase  is  not  more  than 
33  per  cent,  when  arterial  pressure  is  raised  from  78  to  178  mm.  Hg  by 
aortic  compression. 
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This  great  augmentation  of  left  auricular  pressure  also  raises  pulmonary 
systolic  and  diastolic  pressures.  The  initial  and  maximum  pressures  in  the 
right  ventricle  are  also  elevated.  Furthermore,  the  right  auricular  pressure 
is  found  to  increase  so  that  it  is  quite  readily  detected  by  crude  measurements 
with  a  saline  manometer.  There  can  be  no  doubt,  therefore,  that  increased 
aortic  resistance  dams  back  blood  not  only  into  the  left  auricle  and  pulmonary 
veins,  but  also  into  the  pulmonary  arteries  and  chambers  of  the  right  heart. 

We  may  be  reminded  at  this  juncture  that  similar  effects  have  been 
reported  to  occur  when  the  mitral  valves  are  intact.  A  recent  review  of  this 
literature, ^^  as  well  as  personal  experiments,  indicates  that  while  this  does 
occur  in  some  animals,  it  is  absent  in  others,  the  factors  determining  the 
incidence  of  "  back  pressure  "  effects  not  being  as  j'et  fully  understood. 
Under  these  conditions,  we  could  not  profitably  piu-sue  an  ultimate  inquiry 
as  to  whether  the  back  pressure  effect  found  in  our  experiments  was  actually 
greater  than  if  the  mitral  valves  had  been  intact.  Since,  however,  left 
auricular  pressure  was  relatively  little  affected  by  increased  aortic  resistance 
in  these  experiments  (cf.  Table  V)  when  the  valves  were  normal,  whereas 
it  did  increase  markedly  when  the  valves  were  insufficient,  it  appears  that, 
in  our  experiments  at  least,  the  back  pressure  effects  were  distinctly  due 
to  the  valvular  lesion. 

Does  the  increased  regurgitation  reduce  the  systolic  discharge  when 
stabilised  conditions  obtain  ?  Since  the  aortic  pulse  pressure  may  have 
been  reduced  as  a  natural  consequence  of  the  increased  peripheral  resistance, 
it  does  not  help  to  decide  this  question.  Left  ventricular  pressiu-e  curves 
show,  however,  a  sustained  increase  in  both  initial  and  maximum  pressure. 
This,  together  with  the  fact  that  left  auricular  pressure  returns  promptly 
to  normal  levels  on  decompression  (Fig.  12),  shows  that  the  left  ventricle  is 
able  to  react  as  a  normal  heart  to  increased  strain  for  considerable  intervals 
of  time.  It  may  also  be  noted  that  the  stabilisation  of  left  auricular  pressure 
fiu-ther  indicates  that  the  left  and  right  ventricles  eject  equal  volumes  of 
blood.  As  there  is  no  evidence  of  a  reduction  of  right  ventricular  ejection, 
we  may  assume  that  the  left  ventricle  is  able,  even  with  leaking  valves,  to 
eject  normal  quantities  into  the  aorta. 


Summnry. 

1.     When  the  mitral  valves  are  rendered  insufficient  in  an  experimental 
way  the  following  dynamic  changes  occur  : — 

a.  Owing  to  the  short  interval  of  isometric  tension  increase,  and 
also  to  the  fact  that  intraventricular  tension  ranges  from  a 
few  mm.  to  only  60  mm.  of  Hg,  very  little  regurgitation 
into  the  left  auricle  occurs  during  this  phase  of  systole. 
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b.  Tlie  chief  backflow  occurs  during  the  phase  of  systolic  ejection 

and  during  an  interval  extending  approximately  008  to  009  of 
a  second  into  diastole,  for  during  these  intervals  intraven- 
tricular pressure  is  very  high. 

c.  By  virtue  of  this  regurgitation,  systolic  discharge  of  the  left 

ventricle  is  at  once  reduced,  and  in  consequence  both  systolic 
and  diastolic  pressures  fall,  pulse  pressure  decreasing. 

d.  Since  left  auricular  pressure  increases  chiefly  during  the  phase 

of  s3-stolic  ejection  up  to  the  time  when  the  a-v  valves  open, 
tlie  filling  pressure  for  the  left  ventricle  becomes  greater  and 
consequently  the  tidal  volume  entering  the  left  ventricle 
augments.  This  operates  consecutively  (1)  to  distend  the 
left  ventricle,  (2)  to  increase  the  initial  tension,  and  (3)  to 
restore  the  systolic  discharge  to  normal.  In  this  way  the 
balance  of  the  circulation  is  restored  within  a  few  beats, 
in  the  sense  that  the  systolic  discharge  of  the  right  and  left 
ventricles  become  equal  again  and  left  auricular  pressure  does 
not  rise  further.  It  does  not  compensate  in  the  sense  that 
aortic  and  left  auricular  pressures  are  restored  to  normal,  for 
once  the  arterio-venous  balance  has  been  upset,  the  arterial 
system  contains  less  blood  and  the  left  auricle  more.  If 
aortic  pressures  fully  recover  (which  was  not  the  case  in  our 
experiments)  the  peripheral  vasomotor  apparatus  is  involved. 

e.  As  long  as  the  cardiac  muscle  is  efficient,  the  increased  volume  of 

blood  contained  in  the  left  auricle  during  systoUc  ejection  is 
accommodated  by  an  expansion  of  the  left  auricle  and  its 
venous  tributaries.  Consequently  no  "  back  pressure  "  efifects 
are  produced  in  the  pulmonarj'  arterj^  or  right  heart. 

/.  The  very  sUght  regurgitation  during  the  isometric  phase  in 
some  experiments  causes  the  gradient  of  the  intraventricular 
pressure  curve  to  become  slightly  more  gradual.  Owing  to  the 
counterbalancing  effect  of  a  lowered  diastolic  pressure,  the 
isometric  phase  is  not  lengthened  thereby  ;  indeed,  owing  to 
the  subsequent  elevation  of  initial  tension,  this  phase  usually 
is  slightly  shorter  than  normal.  These  changes  are  so  slight, 
however,  as  to  be  of  theoretical  interest  only. 

2.     Under    altered    circulatory    conditions,    special    variations    of    the 
following  nature  were  observed  : — 

a.  During  cardiac  slowing,  the  phase  of  systoHc  ejection  is 
prolonged  and  a  larger  volume  of  blood  regurgitates  into  the 
left    auricle.      This    only    temporarily    decreases    the    sj'stolic 
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ciischarge,  for  it  is  compensated  quickly  by  an  elevation  of 
filling  pressure  and  consequently  an  increased  tidal  volume. 

b  When  the  venous  return  to  the  right  heart  is  augmented 
experimentally,  the  left  ventricle  responds  with  increasingly 
greater  initial  and  maximum  pressures  as  well  as  larger 
systoUc  discharge  up  to  the  levels  equal  to  the  average  normal 
heart.  The  reserve  power,  if  reduced,  is  undoubtedly  still 
very  considerable. 

c.  When  arterial  resistance  is  increased  in  the  systemic  circuit, 
the  regurgitation  volume  increases  markedly  at  once,  thereby 
elevating  not  only  left  auricular  pressure  but  causing  also  a 
damming  back  of  blood  into  the  pulmonary  artery  and  right 
heart.  During  this  progress  systohc  discharge  is  decreased 
until  initial  intraventricular  tension  has  been  considerably 
elevated.  When  this  obtains,  the  systoUc  discharges  of  the 
two  ventricles  are  again  equal  and  a  new  stable  equilibrium 
is  restored. 

3.     As  regards  the  ahgnment  of  our  conclusions  with  those  of  othei- 
investigators  the  following  brief  comparisons  may  be  added  : — 

a.  The  hypothesis  of  Schwartz,  that  during  mitral  insuflScienc}- 
the  isometric  phase  lengthens  until  it  is  neutralised  by  a 
decreased  diastolic  pressure  and  an  elevation  of  initial  pressure, 
is  theoretically  correct.  The  prolongation  is  so  very  shght, 
however,  and  compensation  occurs  automaticallj'  within  so 
few  beats  after  a  lesion,  that  this  factor  cannot  be  regarded 
as  of  practical  significance  in  discussing  the  altered  dj'namics. 
Schwartz's  conclusion  that  considerable  regurgitation  occurs 
during  the  isometric  phase  is  not  substantiated  ;  on  the 
contrarj',  the  amount  is  quite  negUgible. 

b.  The  conclusions  of  Straub,  that  a  marked  ventricular  distention 

and  an  elevation  of  left  ventricular  and  auricular  tension  occurs, 
are  confirmed.  The  contention,  based  on  studies  of  volume 
curves,  that  the  tidal  volumes  entering  and  leaving  the 
ventricles  during  stabiUsed  conditions  are  unaltered,  is  not 
corroborated ;  in  fact,  our  results  indicate  that  it  is  precisely 
by  virtue  of  such  a  larger  tidal  volume  that  the  systolic 
discharge  is  restored  to  normal. 

c.  Mackenzie's  conception  that  "  back  pressure  effects  "  are  not 

directly  caused  by  valvular  lesions,  a  conception  also  con- 
firmed by  experiments  of  Bettleheim  and  Kauders,  McClure 
and  MacCallum,  is  substantiated.  Our  results  indicate,  however. 
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that  this  is  not  prevented  by  a  compensatory  decreased 
discharge  of  the  right  heart,  either  as  a  result  of  a  decreased 
return,  suggested  by  McClure  and  MacCallum,  or  by  a  crowding 
of  the  intraventricular  septum  to  the  right,  as  indicated  in 
experiments  of  Henderson  and  Prince.  It  occurs,  we  believe, 
with  undiminished  discharge  of  the  right  ventricle,  because,  as 
Gerhardt  suggested,  the  excessive  volume  of  blood  is  accom- 
modated by  an  expansion  of  the  left  auricle  and  its  tributaries. 
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Fig.  6.  Two  segments  showing  auricular  volume  curves  (dark  curve)  and  inti-aventrieular 
pressure  curves  (lighter  curve).  Upper  segment  shows  normal  curves;  lower  segment, 
during   mitral   regurgitation.      C,   beginning   of  svstolic   ejection.     D,  end   of   systole,    E, 

beginning  of  diastolic  inHow.      Further  <les,Ti|ition  In  t.-Nt. 


Fig.   7.     Pressure  and  regtirgitat.„..  .,«....,  ^.,^,.^^„ 
cially  relatively  slight  regurgitation  (heavj 


obtained  with  apparatus  shown 


ri  apjjaraius  siio«ii  m  -iiii.  1.  Note 
slight  regurgitation  (heavy  curve)  during  ''isometric  phase"  (A-B) 
iver  0  08  of  a  second,  and  continuance  of  regurgitation  during  early 
;giiming  of  compression.     C,  end  of  compression. 


especially  relatively  slight  regurgitation  (heavy  curve)  during  ''  isc 
even  when  this  is  over  0  08  of  a  second,  and  continuance  of  regi 
diastole  ( C  jD),  .-1,  beginning  of  compression.     C,  end  of  compression. 
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THE    INFLUENCE    OF    CIRCULATORY    DISTURBANCES    ON    THE 
GASEOUS   EXCHANGE   OF   THE   BLOOD. 

I.-^THE   OXYGEN   SATURATION   OF  THE  ARTERIAL  BLOOD  IN 
TACHYCARDIA. 

By  JONATHAN   AIEAKINS. 

(From  the  Department  of  Therapeutics,  Edinburgh  University.) 


The  occurrence  of  cyanosis  in  association  wdth  tachj^cardia  is  a  relatively 
common  event.  This  is  particularly  the  case  in  auricular  fibrillation, 
auricular  flutter  and  paroxysmal  tachj^cardia,  where  dilatation  of  the  heart 
has  supervened.  The  cyanosis,  when  it  does  occur,  may  be  due  to  several 
causes.  In  the  first  place  it  might  be  a  manifestation  of  deficient  oxygenation 
of  the  arterial  blood  consequent  on  the  tachycardia  or  irregular  action. 
It  might  possibly  be  brought  about  through  some  respiratory  lesion 
interfering  with  the  proper  aeration  of  the  pulmonary  blood,  such  as 
congestion  or  oedema  of  the  lungs.  On  the  other  hand,  the  cj^anosis  might 
be  a  purely  capillary  phenomenon  resulting  from  a  greatly-  diminished 
circulation  rate  whcrcbj'  the  blood  in  the  capillaries  is  rapidly  depleted  of 
oxygen  gi^^ng  rise  to  an  actual  tissue  want  of  oxygen.  The  factors  which 
might  produce  such  a  slo\\ing  of  the  circulation  rate  are  not  at  present  fully 
understood. 

Harrop^  has  investigated  the  oxygen  saturation  of  the  arterial  blood 
of  a  number  of  cases  of  auricular  fibrillation.  He  found  a  considerable 
desaturation  in  certain  of  these  cases.  There  was  not,  however,  a  direct 
relationship  between  the  oxygen  desaturation  and  the  increase  of  the  heart 
rate,  nor  was  the  improvement  in  the  anoxaemia  coincident  vnth  any 
pronounced  or  conspicuous  change  in  the  heart  rate.  It  is  evident  that  in 
many  of  the  cases  there  was  considerable  respiratory  mischief,  but  to  what 
degree  this  was  present  there  is  not  sufficient  data  given  to  determine. 
Harrop  also  estimated  the  carbon  dioxide  content  of  the  arterial  blood, 
whicli  he  found  to  be  uniformly  below  normal,  but  it  was  not  constantly 
related  to  the  depreciation  of  the  oxygen  saturation.    If  the  arterial  oxygen 
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desaturations  were  due  to  pulnioiiary  complications,  it  might  be  considered 
that  the  carbon  dioxide  would  be  retained  in  the  arterial  blood  through  the 
same  cause.  This,  for  several  reasons,  might  not  necessarilj'  be  so.  The 
anoxaemia  would  render  the  respiratory  centre  more  sensitive,  to  the  normal 
Pii  of  the  blood,  and  in  consequence  hyperpncea  would  result  in  order  that 
the  carbon  dioxide  of  the  arterial  blood  miglit  be  kept  at  the  new  threshold. 
This  would  be  further  accentuated  if  there  should  be  any  slowing  of  the 
circulation  rate.  If  the  pulmonary  compHcations  were  in  the  nature  of  an 
oedema,  this  would  not  necessarily  be  uniformly  distributed  throughout 
the  lungs,  and  in  consequence  the  hyperpncea  would  wash  out  carbon  dioxide 
from  the  functionating  alveoli  in  sufficient  amount  to  compensate  for  the 


TABLE   I. 

Oxygen  saturation  oj  the  arterial  blood  in  cases  of  aiirieidar  fibriUatii 


Case 

No. 

Heart  rate. 

Oxygen  per  cent. 

saturation. 

of  100  c.c.  of 

arterial 

blood. 

Signs  of 
oedema  of  lungs. 



1 

75 

91 

+ 

2 

120 

91 

+ 

3 

80 

96 

- 

78    - 

92 

- 

78 

90 

+ 

78 

97 

+ 

Oxygen  given. 

4 

90 

95 

- 

5 

130 

75 

+  +  + 

Delirious. 

126 

96 

+  +  + 

Oxygen  given  4  litres 
per      niinulo.     Eo- 
lirium  disiippoared. 

relatively  nonfunctionating  portions.  Furthermore,  the  retention  of  carbon 
cUoxide  in  the  blood  of  the  oedematous  portions  of  the  lungs  would  not  be 
of  the  same  order  as  the  interference  with  the  transference  of  oxygen  on 
account  of  the  greater  solubility  and  increased  diffusion  pressure  of  carbon 
dioxide,  and  also  the  character  of  its  dissociation  curve.  It  is  therefore 
possible  that  an  important  cause  of  anoxaemia,  in  certain  cardiac  cases, 
may  be  coincident  congestion,  or  oedema  of  the  lungs. 

Barcroft^  and  his  co-workers  have  investigated  a  case  of  paroxysmal 
tachycardia.  They  found  that  there  was  no  decrease  in  the  oxygen  saturation 
of  the  arterial  blood  ;  in  fact,  this  was  distinctly  increased.  They  also  found 
that  there  was  a  great  decrease  in  the  circulation  rate. 
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In  Table  I  the  arterial  blood  oxygen  saturation  in  five  cases  of  auricular 
fibrillation  is  detailed.  It  -niU  be  noted  that  the  degree  of  oxygen  desatu- 
ration  is  in  no  degree  proportionate  to  the  increase  of  the  heart  rate.  On 
the  other  hand,  there  is  a  rough  parallelism  between  the  degree  of  anox- 
aemia and  the  cedema  of  the  lungs.  This  is  further  emphasised  bj-  the 
effect  of  increasing  the  partial  pressure  of  oxygen  in  the  inspired  air.  It 
was  considered  probable  that  if  the  anoxaemia  were  due  to  oedema  of  the 
lungs,  that  by  increasing  the  partial  pressure  of  oxygen  in  the  alveoU  the 
greater  diffusion  force  thus  exerted  would  overcome  the  mechanical 
chfficultics  offered  by  the  oedema  fluid.  It  was  not  thought  that  the  increase 
of  the  partial  pressiu^e  of  oxygen  in  the  relativeh^  normal  alveoH  would 
materially  influence  the  oxygen  saturation  of  the  mixed  arterial  blood,  as  the 
blood  leaving  these  alveoU  would  be  almost  normally  saturated  (95  per 
cent.),  and  woidd  be  only  slightly  increased  beyond  this  (99  per  cent.),  but 
it  was  expected  that  the  blood  passing  tlirough  the  cedematous  portions 
of  the  lungs  -would  be  materially  enriched  with  oxygen  and  thus  con- 
spicuously change  the  oxygen  saturation  of  the  mixed  arterial  blood.  The 
residts  obtained  in  cases  3  and  5  (Table  I)  fully  substantiated  this  expec- 
tation. 

In  order  to  observe  the  effects  of  tachycardia,  without  pulmonary 
compUcations,  upon  the  oxygen  of  the  arterial  blood,  the  foUowing  experi- 
ments were  performed.  Dogs  were  used  under  paraldehyde  anaesthesia, 
(a  smaU  amount  of  ether  being  emploj'ed  dirring  the  operative  procedure  to 
ensure  full  anaesthesia)  with  artificial  respiration.  The  sternum  was  bisected, 
and  the  divided  portions  drawn  aside,  exposing  the  pericarcUum,  which  was 
opened  from  the  superior  vena  cava  to  the  ventricular  apex  and  the  cut 
margins  stitched  to  the  chest  wall.  The  heart  Avas  thus  amply  exposed  for  a 
Cushny  mj-ocardiograph  to  be  attached  to  the  venti-icular  muscle.  Great  care 
was  taken  that  the  artificial  respiration  was  not  excessive,  but  at  the  same 
time  that  it  was  sufficient  fuUj'  to  ventilate  the  lungs.  On  account  of  the 
possible  increase  above  normal  of  the  pulmonary  ventilation  it  was  not 
justifiable  to  draw  any  conclusions  from  the  carbon  dioxide  content  of  the 
arterial  blood.  Therefore  these  estimations  were  omitted.  The  oxj'gen 
saturation  of  the  arterial  blood  from  the  carotid  artery  was  estimated  by 
the  Haldane  new  blood  gas  apparatus-.  The  different  types  of  tachycardia 
were  produced  by  electrical  stimulation  of  the  auricle.  A  rapid  irregidar 
rhj-thm  producing  a  ventricular  response,  similar  to  that  found  in  a  severe 
degree  of  auricular  fibrillation,  was  induced  bj^  a  faracfic  ciu-rent  being  passed 
through  electrodes  placed  upon  the  auricle.  A  regular  tachycardia  was 
induced  by  a  galvanic  current  interrupted  to  produce  230  effective  shocks 
per  minute. 

Examples  of  the  results  obtained  in  a  number  of  experiments  are  set 
forth  in  Table  II.  In  experiment  10  some  difficulty  was  experienced  in 
properly  adjusting  the  pulmonary  ventilation.  As  a  consequence,  a  certain 
degree  of  anoxaemia  was  present  during  the  normal  cardiac  rhj^thm.    This, 


J.     AIEAKINS. 

TABLE   11. 
Oxygen  saturation  of  arterial  blood  in  experimental  tachycardi, 


^^r- 

Cardiac  rhythm. 

Cardiac 

Oxygen 

per  cent, 
saturation  of 

100  c.c.  of 
arterial  blood. 

I 
Time. 

Remarks. 

10 

Normal  rhythm 

102 

87 

Irregular  rhythm 

206  + 
210+ 

80 
90 

Nonnal  rhythm 

112 

S9 

11 

Normal  rhythm 

■     90 

98 

4.00  p.m. 

IrregtUar  rhythm 

230+ 

100 

Vent,  fibrillation 

99-7 

4.18     „ 

Blood  from  left  ven 
tricle. 

12 

Xomial  rhythm 

86 

90 

2. .50  p.m. 

Irregular  rhjthm 

19S  + 

99 

3.10     „ 

204  + 

96 

3.28     „ 

„ 

200  + 

99 

3.50     „ 

Normal  rhythm 

OS 

96 

4.14     „ 

14 

Normal  rhythm 

110 

100 

S.lOp.ra. 

'JO 

99 

3.20     „ 

„ 

S(j 

97 

3..50     „ 

Regular  tachycardia 

2:io 

98- 

4.09     „ 

2:jo 

92 

4.18     „ 

Normal  rhythm 

100 

99 

4.40      „ 

Irregular  tachycardia 

200+ 

■17 

.-..1.^      ,. 

of  the  tachycardi. 


however,  did  not  show  any  consistent  increase  during  the  period  of  tachy- 
cardia. In  the  other  experiments  little  difficulty  was  experienced  in 
maintaining  the  oxygen  saturation  to  a  normal  degree  during  the  period  of 
normal  cardiac  rhythm. 

It   will   be   noted   in   all   the   experiments   recorded   that   the   oxygen 
saturation  of  the  arterial  blood  does  not  conspicuously  deviate  from  normal. 
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Any  change  that  does  occur  is  usually  in  the  direction  of  an  increased  oxygen 
saturation.     This  substantiates  the  findings  of  Barcroft.' 

It  may  be  concluded,  therefore,  that  tachycardia,  whether  regular  or 
irregular,  does  not  in  itself  produce  a  decrease  in  the  oxygen  saturation  of 
the  arterial  blood,  but  that,  if  such  tachycardia  induces  failure  of  the 
circulation  and  pulmonary  congestion  or  oedema,,  such  a  decrease  of  oxygen 
saturation  will  follow. 
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THE    INFLUENCE    OF    CIRCULATOF.Y    DISTURBANCES    ON   THE 
GASEOUS   EXCHANGE   IN   THE   BLOOD. 

II.— A     METHOD    OF    ESTIMATING     THE     CIRCULATION     RATE 
IN   MAN. 

By  JONATHAN   MEAKINS  and  H.    WHITRIDGE   DAVIES. 
(From  the  Department  of  Therapeutics,  Edinburgh  University.) 

JIany  problems  reLating  to  the  gaseous  exchange  in  the  blood  would  appear 
to  be  in  some  manner  influenced  by  the  circulation  rate,  hence  it  has  become 
increasingly  important  to  devise  a  reUable  means  of  estimating  this  in 
patients  suffering  from  cardiac  disease.  Haldane  and  liis  co-workers/  and 
Henderson,  ■'•  have  developed  methods  which  have  given  consistent  results 
for  normal  persons  who  understand  the  method  when  it  is  apphed  to  them- 
selves. The  principle  of  both  these  methods  is  to  determine  the  mixed 
venous  and  mixed  arterial  blood  carbon  cUoxide  tensions,  and  knowing  the 
volume  of  carbon  dioxide  per  minute  exhaled,  to  calculate  the  circulation 
rate  from  these  data.  But  these  methods  are  not  necessarily  apphcable  to 
patients*  who  are  suffering  from  varjang  degrees  of  respiratory  distress. 
We  have,  therefore,  attempted  to  perfect  a  method  which  would  be  api^Ucable 
to  abnormal  as  weU  as  to  normal  incUviduals. 

The  method  of  Douglas  and  Haldane-  is  carried  out  by  making  up  in  a 
Douglas  bag  about  30-75  Htres  of  a  gas  mixture,  having,  approximately,  the 
carbon  dioxide  tension  expected  in  the  venous  blood  {i.e.,  about  5-G  percent, 
of  carbon  dioxide).  The  subject  then  exhales  deeply,  inhales  from  the  bag, 
exhales  into  the  air,  then  inhales  from  the  bag.  Tliis  is  repeated  three  times 
in  a  period  of  12-15  seconds,  and  the  last  exhalation  is  made  into  a  rubber 
tube  similar  to  that  used  for  collection  of  alveolar  air  by  the  Haldane  and 
Priestley^  method.  This  exhalation  is  interrupted  when  1,500  c.c.  of  air 
have  been  expired.  A  sample  of  the  expired  air  at  tliis  stage  is  then  rapidly 
taken,  and  the  expiration  is  continued  until  a  total  of  3,000  c.c.  have  been 
expired,  when  a  second  sample  is  taken.  If  these  two  samples  give  an 
identical  value,  this  is  taken  as  indicative  of  the  venous  carbon  dioxide 
tension.  This  is  corroborated  by  the  procedure  being  repeated  -with  a 
gaseous  mixture  containing  between  8-9  per  cent,  of  carbon  cUoxide.  It 
would  be  expected  that,  as  this  mixture  is  breathed,  the  excessive  carbon 
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dioxide  would  be  taken  up  by  the  blood,  and  eventually  it  would  come 
into  equilibrium  with  the  venous  carbon  dioxide  tension.  These  two 
processes  are  repeated  isith  percentages  of  carbon  dioxide,  which  gradually 
approach  each  other  until  stable  readings  are  obtained,  and  these  indicate 
the  average  carbon  dioxide  tension  of  the  venous  blood.  We. have  attempted 
to  apply  this  procediire  to  normal  non-sldlled  subjects,  and  to  jDatients,  and 
have  found  it  very  difficult. 

The  method  of  Henderson  and  Prince^  was  develojDed  from  the  Higgins- 
Plesch  method  of  determining  the  alveolar  air.  They  found  that  after  a 
certain  number  of  isolated  rebreathings  from  a  bag  that  the  carbon  dioxide 
tension  remained  fairly  level  for  a  short  period.  They  took  this  observation 
to  incUcate  the  venous  carbon  dioxide  tension  if  the  procedure  had  not  lasted 
long  enough  to  allow  the  arterial  blood  so  exposed  to  return  as  venous 
blood.  Thej',  therefore,  adopted  the  plan  of  making  the  subject  forcibly 
exhale,  then  take  a  deep  breath  out  of  and  into  a  bag  containing  a  carbon 
dioxide  mixture  approaching  that  of  alveolar  air.  B3-  repeating  tliis 
procedure  at  intervals  they  found  that  the  carbon  dioxide  tension  in  the 
bag  became  steady  (usually  after  6  rebreathings),  which  they  took  to  indicate 
the  venous  carbon  dioxide  tension.  This  time  employed  in  the  rebreathing 
might  be  a  rapid  inspiration  and  expiration,  holding  the  breath  in  the 
interval,  the  whole  time  occupied  being  10-15  seconds,  or  a  slow  inspiration 
of  5  seconds,  and  a  slow  expiration  of  a  Mke  duration. 

We  have  attempted  to  employ  this  method  upon  normal  persons  and 
patients  Avith  indifferent  results.  The  resultant  tensions  of  the  carbon 
dioxide  varied  considerably.  We  came  to  the  conclusion,  after  manj- 
observations,  that  there  was  cUfficulty  in  getting  a  proper  mixtiu-e  of  the 
gases  in  the  lungs  after  one  inspiration,  unless  the  breath  were  held  for  a 
longer  period  than  corresponds  to  the  retiu-n  of  the  arterial  blood  as  venous. 
As  tliis  period  of  time  is  variable,  it  was  difficiilt  in  patients  to  choose  a  safe 
interval. 

In  view  of  these  difficulties,  we  have  adopted  the  principles  of  the 
preceding  methods,  but  have  modified  them  in  the  following  manner  so  as 
to  overcome  the  difficulties  associated  with  the  examination  of  pathological 
subjects. 

It  is  important  that  the  patient  should  be  subjected  to  as  simple  a 
routine  as  possible.  A  bag  of  about  five-htre  capacity  is  almost  filled  with 
expired  air,  containing  about  5  per  cent,  of  carbon  dioxide.  The  subject 
exhales  as  deeply  as  possible,  then  takes  a  deep  inhalation  from  the  bag, 
expires  into  the  bag  deeply,  inspires  a  second  time,*  and  finally  expires 
forcibly  into  the  bag.  In  the  tube  leading  from  the  mouthpiece  to  the  bag 
there  are  side  tubes  which  may  be  directly  attached  to  a  gas  analysis  apparatus 
or  to  a  Haldane  gas-sampUng  tube.  In  this  manner,  a  specimen  of  the  last 
of  the  expired  air  may  be  obtained.     The  object  of  the  rebreathing  is  to 


*  It  is  important  that  tliis  inspirator}'  effort  slioiild  l.e  continued,  even  though  the  bag 
be  empty  or  the  lungs  completely  inflated,  until  the  final  expiration  is  done. 
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promote  a  certain  degree  of  mixing  between  the  residual  air  in  tlie  lungs 
after  the  first  forced  expiration  and  the  air  inlialed  from  the  bag.  The 
time  factor  is  not,  therefore,  so  important,  provided  the  whole  procedure 
does  not  take  longer  than  15  seconds  when  at  rest,  and  5  to  10  seconds 
during  exercise.  In  patients  who  have  difficulty  in  maldng  a  forced 
expiration  tliis  single  rebreathing  is  of  great  importance  as  it  helps  greatly 
to  bring  about  a  rapid  mixture  of  the  air  in  the  lungs  and  in  the  bag.  The 
procedure,  as  described,  is  repeated  at  short  intervals  until  the  carbon 
dioxide  tension  of  the  expired  air  becomes  constant.  This  usually  requires 
4  to  6  repetitions  when  reaching  the  venous  carbon  dioxide  tension  from 
below  upwards.  In  order  to  confirm  this  finding,  250  to  300  c.c.  of  carbon 
dioxide  are  added  to  the  air  in  the  bag  and  the  rebreatliing  repeated.     (A 


Fig.  1. 

A.     Large  sized  bladder  of  about  5  litres  capacity. 
15.     Hose  tubing,  30  cms.  long,  2  ems.  diameter. 
C.C.     Large  sti'ong  spring  clips. 

D.  Holes  for  insertion  of  ends  of  Haldano  gas  sampling  tubes 

E.  Tube  for  introducing  carbon  dioxide.    End  closed  by  moans  of  .small  piece  of  glass  rod. 


small  amount  of  oxygen  may  also  be  added.)  Each  successive  analysis 
shows  a  diminution  of  the  carbon  cUoxide  percentage  until  a  constant  is 
obtained  which  agrees  mth  the  first  procedure.  This  stage  usually 
necessitates  5  to  7  rebreathings. 
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The  bag  used  by  us  with  its  various  attachments  is  shown  in  Fig.  1. 
It  consists  of  a  large-sized  rubber  bladder  ^rith  small  and  large  inlet  tubes. 
The  smaller  inlet  serves  for  the  introduction  of  additional  carbon  dioxide, 
or  other  gas,  and  is  closed  by  means,  either  of  a  spring  chp,  or  a  small  piece 
of  glass  rod.  The  larger  opening  is  made  by  a  piece  of  rubber  tubing,  about 
30  cms.  long,  and  2  cms.  diameter,  the  walls  being  tliick  enough  not  to  kink 
readilj-,  but  not  so  tliick  as  to  prevent  the  lumen  from  being  occluded  by 
means  of  the  spring  chps.  In  tliis  tube,  about  10  cms.  from  the  mouthpiece, 
and  about  3  cms.  apart,  are  placed  three  side  openings  in  which  may  be 
inserted  the  ends  of  evacuated  Haldane  gas-sampUng  tubes,  or  the  end  of  the 
burette  of  the  Haldane  gas  analysis  apparatus.  In  the  latter  case  those 
not  in  use  are  closed  by  means  of  small  pieces  of  glass  rod.  When  the  bag  has 
been  filled  with  expired  air  and  the  side  tubes  either  closed  by  means  of  glass 
rods  or  gas-sampUng  tubes,  the  spring  clip  nearest  the  bladder  is  permanently 
released,  while  the  one  nearest  the  mouthpiece  is  pressed  by  the  subject  when 
breathing  out  of  and  into  the  bag. 

The  arterial  carbon  dioxide  tension  is  estimated  from  the  alveolar 
air  by  the  Haldane-Priestley  method.^  If  consistent  results  be  not  so 
obtainable  it  is  directly  estimated  bj'  examining  the  blood  by  arterial 
puncture.  The  alveolar  air  determinations  have  sufficed  in  the  present 
observations,  but  our  experience  shows  that  the  arterial  estimations  are 
b)'  far  the  most  satisfactory  in  patients. 

The  total  carbon  dioxide  exhaled  during  a  definite  period  of  time  is 
determined  by  the  Douglas  bag  method.  This  expired  air  is  usually  collected 
for  five  minutes  after  a  preliminary  period  to  ensure  that  the  subject  is 
comfortable,  and  not  inconvenienced  by  the  mask,  etc.  The  expired  air  is 
collected  under  conditions  identical  with  those  of  the  previous  steps.  The 
pulse  rate  is  taken  frequently  during  the  whole  observation  in  order  that 
an  average  may  be  obtained  to  estimate  the  output  of  the  heart  per  beat. 
This  frequent  counting  is  most  important  in  subjects  who  are  being 
examined   during  exercise. 

Having  obtained  the  venous  and  arterial  carbon  dioxide  tensions,  it 
remains  to  transpose  these  into  volumes  per  cent,  of  carbon  dioxide,  as 
represented  by  the  dissociation  curve.  The  dissociation  curve  of  Christiansen, 
Haldane  and  Douglas^  is  practically  a  straight  fine  between  30  and  GO  mm. 
pressure  of  carbon  dioxide.  It  might  be  expected  that  any  variation  above 
or  below  the  curve  between  these  points  would  give  a  parallel  curve,  and 
thus  the  difference  between  the  venous  and  arteiial  volumes  per  cent,  of 
carbon  dioxide  would  remain  the  same.  Liljestrand  and  Lindhard"  have 
claimed,  however,  that  the  dissociation  curves  in  different  individuals  vary 
not  only  in  level,  but  also  in  shape,  confirming  the  observations  of  Hassel- 
balch.*  This  would  require,  therefore,  that  the  curve  be  determined  for  each 
individual  over  the  interval  between  the  venous  and  arterial  carbon  dioxide 
tensions.    ^Vhethe^  this  variation  in  shape  of  the  curve  be  sufficient  in  normal 
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people  to  introduce  a  serious  error  is  not,  at  present,  definitely  settled. 
We  have  evidence  to  lead  us  to  be  quite  confident,  however,  that  the 
shape  of  the  curve  may  vary  in  pathological  conditions.  It  is  necessary, 
therefore,  to  determine  the  curve  separately  for  each  patient  before  the 
percentage  volume  of  carbon  dioxide  in  the  venous  and  arterial  blood  may 
be  estimated. 

In  the  following  protocols  a  number  of  examples  are  given  illustrating 
the  method  of  procedure  and  the  means  whereby  the  circulation  rate  is 
calculated. 

PROTOCOL   I. 

'25/10/21     Subject,  H.W.D.     Barometer,  7G1. 


Sueoessivo  number 

of 

intermittent  roliroathings. 

00,  % 

CO., 

Pulse. 

Remarks. 

3 

6-33 

45-2 

4 

6-61 

47-2 

78 

5 

6-76 

48-3 

6 

e-75 

48^ 

66 

300  c.c.  CO„  added  to  bag. 

11 

7.04 

50.1  ■ 

72 

12 

6-82 

48.7 

13 

C-83 

48.8 

74 

Average  of  5,  6,  12  and  13,  6-79%  of  C05  =  48-5  mm.  C0»  pressure  i 
Alveolar  air  contains  5-60%  CO,  =40  mm.  CO™  pressure. 
.•.  mixed  venons  blood  contains  54-7  vols,  per  cent  of  COj* 
mixed  arterial      „  ,,        51'2     ,,  ,,  ,, 

Difference       . .         3'5      „  „  ,, 


mixed  venous  blood. 


.Expired  air  7-15  litres  per  minute,  and  contains  3-93%  of  C0„.    Tlier.,  20°C.     Bar.,  761. 
•.  factor  for   reduction   to   drj'   volume   at   standard  temperature   and   pressure  =  0-9 12. 

Hence  CO^  output  per  minute  =  — "  — - — ^=254  c.c. 

.•.  blood  flow  per  minute  =  ^^71^  X  100  c.c.  =  7 -27  litres. 
Average  pulse  rate,  72-5. 


I 


*  From  CO.,  dissociation  curve. 

N.B. — Tlie  exjiired  air  was  collected  during  an  accurately  timed  five-minute  period,  and  a 


correction  was  made  for  the  0-03%  of  CO.  normally  present  in  at 
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PROTOCOL   II. 


■2r, 

0  21.     Subject 

,   /.  J.  M.      Barometer,  7 

G2. 

Successive  number 

CO, 

co:"o 

pressure 

Pulse. 

Remarks. 

intermittent  rebreathmgs. 

! 

mm. 

5 

7-00         1 

50-1 

56 

6 

6-79         1 

48-5 

6-73 

481 

56 

8 
11 

6-90         1 

1 
7-31         i 

49-3 
52-3 

58 

300  c.c 

CO,  added  to 

Lag. 

12 

6-85 

49-1 

56 

Average  of  5,  6,  7,  8  and  12  =  6-85%  of  COo  =  49- 1  mm.  CO,  pressure  in  mixed  venous  blood. 
Normal  alveolar  air  5-80%  oi  005  =  41-4  mm.  CO™  pressure. 
.•.  mixed  venous  blood  contains  55-2  vols,  per  cent,  of  CO... 
mixed  arterial     „  „        51-7       „  ,,  ,, 

Difierence  . .  3-5 

Expired  air  9-14  litres  per   minute,  containing  3-01%  of  CO,.     Tlier.,  20°C.     Bar.,  702. 
factor,  0-913. 

Hence  CO,  output  per  minute  =  9140x0-913x^^  =  249  c.c. 


Average  pulse  rate,  50.     .•.  output  per  boat. 


PROTOCOL  iir. 
::  10  21.     Subject,  W.  M.  W.      Barometer,  ICA 


C0„ 

of 

C0,% 

pressure 

Pulse. 

Remarks. 

mtermittent  rebreathings. 

mm. 

5 

6-52 

46-6 

61 

6 

6-52 

46-6 

300  c.c.  CO.  added  to  bag. 

10 

6-83 

48-8 

11 

6-69 

47-8 

59 

12 

6-51 

46-5 

60 

Average  of  5,  6  and  12  =  C02  0-52°i  =  46-5  imn.  CO,  pressure  in  mixed  venous  blood. 
Normal  alveolar  air  =  5-63%  of  COs  =  40-2  mm.  CO,  pressure. 
.-.  mixed  venous  blood  contains  54-0  vols,  per  cent,  of  CO,. 


mixed  arterial 

Difference 


„      511 
2-9 


Expired  air  37-7  litres  in  five  minutes,  containing  3-35%  of  CO..     Tlier.,  18-3°C.     Bar.,  761. 
,  factor,  0-920. 

Hence  CO j  output  per  minute,  —7-^  X  0-920  X  -^  =  230  c.c. 

2*10  X  100 
.-.  blood  flow  per  minute=       ,        "=7-93  litres. 


Average  pulse  rale,  60.     .".  output  per  beat,  - 
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PROTOCOL   IV. 
27/10/21.     Subject,  J.  C.  M.     Barometer,  761. 


Successive  number 

CO, 

of 

co,% 

1      pressure 

Pulso. 

Remarks. 

intennittent  rebreathings. 

mm. 

3 

0-19 

44-2 

60 

4 

6-20 

:          44-3 

5 

C-22 

44-4 

300  c.c.  CO,  acKletl. 

7 

7-82 

55-8 

66 

9 

G04 

47-4 

10 

6-28 

44  S 

66 

U 

6-22 

44-4 

Average  of  3,  4,  5,  10,  11  =  C0.^  G-22''o  =  44'4  mm.  CO,  pressure  in  niixeil  vonoiis  blood. 
Normal  alveolar  air=o-40"o  CO,  =  38-5  mm.  CO,  pressure. 
.■.  mi.xod  venous  blood  contains  53-1  vols,  per  cent,  of  CO,, 
mixed  arterial      „  ,,         50-3     ,,  „  ,, 

Difference      .  .         2-8     ,,  ,,  ,, 


.\verago  pulso  rate,  04. 


tput  per  beat,  12 


PROTOCOL  V. 

^iil<jcrl,  J.  C.  -U.      Durln,,  i. rari.se  on  Martin  bicycle  uijomclcr.      Jl< 


Successive  number 

of 

intermittent  rebreathings. 

co,% 

CO, 
pressure            Pulso. 
mm. 

Remarks. 

3 

4 
5 
0 

7-48 
7  82 
7-89 
801 

819 
7-82 

53-3                141 

55-8 
56-3 
G3o 

58 -r. 

55 -8 

200  c.c  CO,  added. 

Average  4,  5,  8  CO,  7-84%  =  55-9  mm.  CO,  pressure  in  mixed  venous  blood. 
Normal  alveolar  air  =  5-80%  CO,  =  41-4  mm.  CO,  pressure. 
.•.  mixod  venous  blood  contains  581  vols,  per  cent,  of  CO,, 
mixed  arterial       ,,  ,,  51-7        ,,  ,,  ,, 

Difierepce     .  .        6-4 

E.\pirod  air  81  litres  in  three  minutes,  containing  4-50"o  of  C0„.     Tlier.,  18-6''C.     Bar., 
factor,  0-917. 


Hence  CO,  output  per  minute,  -^  x  0-917  x  -—^=1104  c.c. 


.*.  blood  flow  per  i 


X  100=17-25  litres. 


Average  pulso  rate,  141.     .-.  output  per  boat,  122 
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PROTOCOL  VI. 
4  11  21.     Subject,  If.  J.  F.      B^romsler,  742. 


Successive  uiuiiber  CO, 

of  CO.%  I      pressun 

intermitteut  rebreathings.  i  mm. 

2  1  6-28  j  43(3 

3  I  6-41  44-5 

4  1  6-46  44-9 


250  c.c  CO.,  added  to  bag. 


G-37 

44-3 

(i-46 

44-9 

(_i-4li 

44  'J 

Average  of  3,  4,  9,  10,  11,  12,  13  CO. 6-40%  =  44-9  mm.  CO.  pressure  in  mixed  venous  blood. 
Normal  alveolar  air  o-oo%  of  CO^  =  38-7  mm.  CO.  pressure. 
.•.  mixed  venous  blood  contains  53-3  vols,  per  cent,  of  CO.. 
mixed  arterial       ,,  ,,        50-3        ,,  ,,  ,, 

Difference     . .      30 
Expired  air  36-1  litres  in  five  minutes,  containing  3-50%  of  CO..     Ther.,  IS'C.     Ear.,  742. 
.-.  factor,  0-897. 


22.T 
.•.  blood  flow  per  minute=-^^^ — x  100=7-50  1 


Average  pulse  rate,  78.     .•.  output  per  beat,— ir^    =!Hi  c.c. 

It  is  noteworthy  that  in  Protocols  IV  and  V  the  output  per  beat  showed 
an  extremely  close  agreement.  Tliis  is  in  accordance  with  the  finding  of 
Douglas  and  Haldane,  that,  during  exercise,  the  increased  blood  flow  is 
obtained  maiialy  by  increase  of  heart  rate,  and  not  by  increase  of  the  out- 
put per  beat. 

In  conclusion,  we  ^ish  to  express  our  indebtedness  to  Drs.  Fetter  and 
WalwjTi  for  acting  as  subjects,  and  to  it.  I.  J.  Macdonald  for  assistance 
in  some  of  the  experiments. 
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VENTRICULAR      TACHYCARDIA     AS     THE     RESULT     OF     THE 
ADMINISTRATION    OF   DIGITALIS.  "^ 

By  CARL   SCHWENSEN. 
(From  Bispcbjcerg  Hospital  Medical  Deparlment  C,  Coj)enhagen.) 


It  is  well  known  that  sudden  death  maj'  occur  in  the  course  of  treatment 
with  digitahs  or  alUed  drugs.  From  experimental  pharmacology  we  know 
that  when  animals  are  poisoned  heavily  with  digitahs  the  initial  changes 
are  followed  by  at  first  coupled  action  and  later  by  a  very  rapid  and  irregiUar 
heart  action  ;  a  delirium  cordis  sets  in  and  death  intervenes.  {Cushny,i 
Meyer  and  Gottheb,!'^'  Poulsson^'). 

It  is  probable  that  in  man  the  same  stages  occur.  It  has  been  proved 
electrocardiographically-  that  digitahs  coupling  is  the  result  of  ventri- 
cular extrasystoles. 

In  the  following  cases  I  have  had  the  opportunity  of  recording  by 
the  electrocardiograph  an  irregular  rhythm,  wliich  developed  wliile  patients 
were  under  treatment  ^^•ith  digitahs. 

Case  I. — A  oO-year  old  married  woman  was  treated  at  the  hospital 
from  August  the  10th  to  October  the  7th,  1921,  and  again  from  October 
the  26th,  until  she  died  on  November  the  3rd.  She  had  never  had  rheumatic 
fever  ;  she  knew  of  no  venereal  infection.  There  had  never  been  any 
pregnancy.  Her  health  had  been  perfect  except  during  the  last  year,  when 
she  has  complained  of  shortness  of  breath  and  of  a  feeling  of  constriction 
of  the  chest  in  walldng,  especially  in  ascending  stairs.  The  last  eight  days, 
before  the  first  admittance,  she  grew  worse,  and  was  treated  with  digitahs 
by  her  doctor. 

On  admission,  she  was  found  to  be  a  well  noiu-ished  woman,  rather 
short  of  breath,  the  respiration  being  32.  The  temperature  was  normal  ; 
the  pulse  was  96  regular.  A  systolic  as  well  as  a  diastohc  murmur  was  heard 
over  the  whole  precordial  area ;  the  murmur  was  audible  in  the  big  vessels. 
B}-  X-raying,  a  general  dilatation  was  found.  There  was  a  distinct  capillary 
pulse,  and  the  pulse  in  the  radial  was  of  the  waterhammer  kind.  Crepi- 
tations were  heard  at  the  bases  of  the  lungs.  The  hver  extended  2  cm.  below 
the  costal  margin.  There  was  no  patellar  reflex,  and  the  Wassermann  test 
was  positive.    The  sj'stohc  blood  pressure  was  170,  the  diastohc  75. 
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Digisolvin*  was  administered  in  a  dose  of  15  drops  three  times  daily, 
and  was  continued  for  six  days.  (This  amounts  in  all  to  IG  grammes  of 
folia  digitahs  titrata.) 

After  six  days'  stay  in  hospital  antisyphilitic  treatment  was  com- 
menced (inunction  with  unguent,  hydrarg.  and  intravenous  injections  of 
neosalvarsan) ;  30  inunctions  and  2  grammes  of  neosalvarsan  were  given 
in  all.  During  tliis  treatment  she  improved  slightly,  and  was  able  to  walk 
about  in  the  grounds  of  the  hospital.  The  urine  was  scanty  and  at  times 
contained  a  trace  of  albumen. 

In  the  intervals  between  the  stays  in  hospital  she  grew  steadily  worse  ; 
she  was  compelled  to  stay  in  bed,  developing  increasing  oedema  of  the  auldes 
and  the  lower  limbs. 

The  examination  of  the  heart  on  October  the  2C)th  showed  the  signs 
unchanged.  Digisolvin  was  again  administred  (20  drops  three  times  dailj-). 
The  pulse-rate  was  about  100  for  the  first  five  days,  the  rhythm  being 
regular.  On  the  sixth  day,  the  pulse,  in  the  morning,  was  160,  and  very 
irregular  ;  she  complained  of  palpitations  and  some  giddiness.  There  was 
no  vomiting,  but  some  nausea  was  felt.  In  the  forenoon  the  pulse  was 
found  to  be  120.  and  showed  pronounced  coupUng  ;  for  this  reason  digi- 
solvin was  discontinued  (she  had  taken  in  all  300  drops,  corresponding  to 
1-8  grammes  of  folia  digitalis  titrata).  An  electrocardiogram  was  obtained 
(Fig.  1). 

On  the  follo^^■ing  days  the  pulse-rate  was  about  120,  and  when  examined, 
the  rhj'thm  of  the  heart  was  regular,  but  she  was  too  weak  to  be  brought 
to  the  electrocardiograph.  Death  occurred  2i  days  after  the  attack  of 
tachycardia. 

At  the  post-mortem,  syphihtic  aortitis  and  an  aortic  aneurism  were 
both  found.  Both  ventricles  were  h\-pertroplued,  and  there  were  signs 
of  universal  stasis.    There  was  no  thrombosis  in  the  coronary  arteries. 

C(t.se  II. — A  61-ycar  old  washerwoman  was  admitted  to  the  hospital, 
October  the  27th,  1921,  and  died  on  November  the  loth.  ]Many  years 
before  admission  she  had  rheumatic  fever  ;  afterwards  she  enjoyed  good 
health,  but  for  the  last  2-3  years,  when  palpitation  and  shortness  of  breath 
in  walking  were  felt.  Off  and  on,  there  was  some  oedema  of  the  ankles. 
Last  summer  she  was  three  months  in  hospital  for  her  cardiac  ailment, 
and  during  the  stay  here  she  developed  pneumonia.  During  October  she 
grew  gradually  worse  and  developed  a  considerable  cedema  of  the  lower 
limbs  and  of  the  abdominal  wall. 

On  admission,  the  heart  was  considerably  enlarged ;  a  systolic  as  well 
as  a  diastolic  murmur  was  heard  at  the  apex.  The  action  was  tumultuous, 
about  160,  at  the  same  time  the  radial  pulse-rate  was  only  114.     The  liver 

♦Digisolvin  is  a  physiologically  standardised  Dauisli  preparation  of  digitalis;  25  diopa 
correspond  to  0*15  gramme  of  folia  digitalis  titrata. 
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extended  3  cm.  below  the  costal  margin.  There  was  some  cyano.sis  and  the 
respirations  were  44.    The  urine  was  scanty  and  contained  traces  of  albumen. 

She  was  treated  with  digisolvin  (25  drops  three  times  daily)  and  diuretin, 
but  grew  gradually  worse.  Repeated  examinations  of  the  heart  showed 
no  change  in  the  signs  except  on  November  the  10th,  when  the  action  was 
found  to  be  quite  regular  and  the  rate  about  180  per  minute  ;  the  heart- 
sounds  were  now  almost  foetal.  The  liver  now  extended  5  cm.  below  the 
costal  margin,  and  there  was  tenderness  in  the  hj'pochondiium.  There 
had  not  been  any  slowdng  of  the  pulse  or  couphng  before  this  tachycardia 
occurred,  nor  had  she  complained  of  nausea. 

The  total  amount  of  digisolvin  given  in  the  13  days  before  the  tachy- 
cardia was  975  drops,  corresponding  to  4- 85  grammes  of  foUa  digitahs 
titrata. 

The  following  day  the  action  was  again  quite  irregular. 

Electrocardiograms  were  taken  October  the  29th,  Xovember  the  10th 
and  1 1th.  The  electrocardiograms  of  October  the  29th  and  November  the  1 1th 
showed  auricular  fibrillation,  with  the  signs  usually  ascribed  to  right-sided 
preponderance  (Fig.  2).  Electrocardiograms  on  November  the  10th 
(Fig.  3)  show  a  pecuhar  phenomenon,  which  is  described  at  a  later  stage. 

At  the  post-mortem  an  old  endocarditis  of  the  mitral  valves  was  found  ; 
liyj^ertrophy  of  the  right  ventricle  and  hypertrophy  with  dilatation  of  the 
right  auricle.    There  was  no  thrombosis  in  the  coronary  arteries. 

Further  observations  and  discussion. 

In  both  these  cases  a  tachycardia  occurred  suddenly  ;  in  the  one 
the  rate  was  about  160,  and  the  rhythm  was  irregular  ;  in  the  other  the  rate 
was  about  ISO  per  minute,  and  the  rhythm  was  regular. 

In  Case  I  the  tachycardia,  which  occurred  in  an  attack  two-and-a-half 
days  before  death,  is  illustrated  by  the  electrocardiogram  (Fig.  1).  A  few 
normal  complexes  are  seen  with  their  preceding  P-waves  ;  between  them 
are  several  abnormal  deflections  caused  by  ventricular  extrasystoles  generated 
in  different  foci.  In  parts  of  this  curve  two  or  three  of  these  abnormal 
complexes  follow  each  other  directly  without  the  interposition  of  normal 
beats.  The  P-waves  are  seen  throughout  the  whole  lead,  although  they  are 
buried  in  the  abnormal  ventricular  complexes.  In  the  parts  of  this  curve, 
where  every  sequential  beat  alternates  with  a  ventricular  extrasystole,  the 
rate  is  120  per  minute  ;  in  the  parts  where  the  ventricular  extrasystoles 
follow  directly  upon  each  other  the  rate  corresponds  to  about  180  per  minute. 
Over  the  whole  curve  the  rate  is  about  133  per  minute. 

To  sum  up,  this  and  other  electrocai'diograms  show  that,  during  the 
period  when  the  pulse  rate  was  120  and  coupled,  a  concUtion  of  bigeminal 
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action,  resulting  from  regulailj-  occurring  extrasystoles,  was  present.  Wlicn 
the  rate  was  higher,  133,  160,  etc.,  the  extrasystoles  were  more  frequent, 
occurring  in  groups. 

With  regard  to  Case  1 1,  the  most  conspicuous  facts  are  the  following  : — 

A  patient  presenting  auricular  fibrillation  and  the  signs  of  right-sided 
preponderance  (Fig.  2)  was  under  treatment  -with  digitalis  without  any 
apparent  effect  at  all.  There  had  been  no  prehminary  s^niptoms  of  over- 
dosage, such  as  slowing  of  the  pulse,  coupled  beats  or  nausea.  .Suddenly 
she  developed  an  attack  of  tachycardia,  the  rate  being  ISO  per  minute,  and 
the  rhythm  regular.  The  electrocardiogram  now  showed  a  remarkable 
form  of  tachycardia  (Fig.  3).  Being  regular  it  could  not  have  been  caused 
by  impulses  from  the  auricles,  which  were  still  fibiillating,  biit  must  have 
resulted  from  a  new  rh}-thm  arising  in  the  ventricle. 

In  all  three  leads  (Fig.  3)  it  is  seen  that  the  ventricular  complexes 
alternate  ;  a  complex  in  which  the  most  prominent  deflection  is  directed 
upwards  is  constantly  followed  by  one  in  which  the  most  prominent  deflection 
is  directed  downwards. 

A  very  similar  curve  has  been  pubhshed  by  Lewis  and  Levy."  In  their 
experiment  on  cats,  with  low  tensions  of  chloroform  vapour,  they  produced 
an  irregular  tachycardia  caused  by  ventricular  extrasystoles  supposedly 
generated  in  multiple  foci.  From  time  to  time  they  obtained  electro- 
cardiograms similar  to  Fig.  3,  and  they  explained  them  as  being  composed 
of  premature  contractions  alternately  generated  in  separate  foci.  In  giving 
small  intravenous  injections  of  adrenaline  chloride  to  cats  under  the  influence 
of  low  tension  of  cliloroform  vapour,  these  irregularities  ultimately  passed 
into  that  of  ventricular  fibrillation. 

The  day  after  Fig.  3  was  obtained,  the  tachycardia  had  disappeared 
and  the  electrocardiogram  was  similar  to  that  of  Fig.  2. 

As  shown  experimentally^,  and  in  a  recent  paper  clinically  bj'  Robinson 
and  Herrmann^^,  thrombosis  of  the  coronary  arteries  may  be  followed  by  a 
tachycardia  of  ventricular  origin  ;  this  tachycardia  is  often  proceeded  or 
followed  by  ventricular  extrasystoles*.  In  neither  of  my  two  patients  was 
thrombosis  of  the  coronarj^  arteries  found  at  the  post-mortem  ;  this  cause 
can  therefore  be  excluded. 

It  has  been  shown  that  the  administration  of  low  tension  of  chloroform 
vapour  in  cats  is  constantly  followed  by  ventricular  extrasystoles  from 
multiple  foci,  gi%ing  rise  to  Aentricular  tachycardia,  this  being  a  percursor 
of  ventricular  fibrillation  (7  and  8).  These  irregularities  have  been  suppo.sed 
to  result  from  the  chloroform  vapour  (in  low  tension)  producing  an  exag- 
gerated irritabihty  of  the  ventricular  muscle. 

Comparing  the  curves  from  my  patients  with  the  cldoroform  curves 
we  find  that  they  are  very  similar.  In  the  first  of  my  patients  coupUng 
is  found  alternating  with  extrasystoles  generated  in  separate  foci ;  in  the 
second  a  ventricular  tachj'cardia  is  found  giving  the  same  curious  electro- 
cardiogram as  those  of  Lewis  and  Levy  (their  Fig.  6). 
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Wu  know  that  digitalis  is  prone  to  produce  ventricular  extrasj'stoles 
in  certain  subjects  (4  and  9).  ■  Robinson  and  Bredecki-  have  published  a 
case  in  which  the  intravenous  injection  of  strophantine  produced  numerous 
ventricular  extrasystoles  arising  from  separate  foci  ;  the  first  part  of  their 
Fig.  7  is  very  similar  to  my  Fig.  3.  Cushnyi  believes  that  the  explanation 
of  the  fast  and  irregular  action  of  the  heart  in  animals  poisoned  with  digitahs 
is  to  be  found  in  the  increasing  irritabiUty  of  the  cardiac  muscle. 

For  these  reasons  it  seems  probable  that  the  administration  of  digitalis 
ill  mil  two  patients  directly  caused  the  attacks  of  the  ventricular  tachycardia, 
(tad  that  these  are  to  be  ascribed  to  an  irritable  condition  of  the  ventricle,  produced 
by  the  drug. 

It  is  now  an  obvious  conclusion  that  the  direct  cause  for  sudden  death 
under  the  administration  of  digitalis  may  lie  in  this  hj^perirritability.  That 
sudden  death  may  occur  in  patients  showing  ventricular  extrasystoles  is 
known,  and  the  possibility  of  ventricular  fibrillation  as  the  cause  of  death 
has  been  discussed. ^^  ®  A  very  irregular  and  rapid  heart-beat  is  regarded 
as  a  transitional  stage  leading  up  to  ventricular  fibrillation^ ;  this  transitional 
stage  is  termed  by  Levy*  "  potential  fibrillation." 

Resume. 

Two  cases  under  treatment  with  digitalis  suddenly  developed  a  ventricular 
tachyc'ardia  without  previous  warning  and  died  a  few  days  later.  The 
possibihty  of  this  being  due  to  hyperirritabihty  of  the  ventricles  arising 
out  of  the  administration  of  digitaUs,  and  the  possibility  of  sudden  death 
under  treatment  with  digitalis  being  caused  by  ventricular  fibrillation,  is 
discussed. 
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Fig.  3.  A  regular  tachycardia  of  ventricular  origin  is  seen  in  which  the  form  of  the  complexes 
alternates  ;  the  rate  is  180  per  mmute.  The  first  cur\-e  in  this  figure  is  alone  standardised  ;  in  the 
case  of  leads  77  and  777  standardisation  could  not  be  accomplislied  owing  to  the  restlesaiess  of 
the  patient. 


OBSERVATIONS     UPON     THE     ACTION     OF     CERTAIN     DRUGS 
UPON   FIBRILLATION   OF   THE   AURICLES.* 

By  T.  LEWIS,  A.  N.  DRURY,  A.  M.  WEDD  and  C.  C.  ILIESCU. 
(  University  College  Hospital  Medical  School,  London.) 

Alkaloids  of  the  Cinchona  Series. 

In  the  first  part  of  this  article  observations  are  described  which  have  been 
carried  out  with  a  view  to  obtaining  more  precise  information  upon  the 
action  of  certain  of  the  cinchona  allialoids,  upon  the  hearts  of  patients 
suffering  from  fibrillation  of  the  auricles.  A  few  words  must  be  said  about 
the  preparations  used. 

Preparations  used.  We  are  indebted  for  the  preparations  of  cinchona 
alkaloids  used  in  the  following  observations  to  Messrs.  Howard  and  Sons,  of 
Ilford.  Some  of  our  early  observations  were  made  with  various  salts  of 
quiiiidine  (sulphate,  bisulphate  and  bihydrochloride).  At  a  later  date 
air.  J.  W.  Blagden  and  Mr.  0.  Chick  worked  specially  in  Messrs.  Howard's 
laboratories,  with  a  view  to  obtaining  for  us  pure  preparations  of  certain 
cinchona  alkaloids  ;  they  succeeded  in  preparing  the  alkaloids  quinidine  and 
hydroquinidine  with  no  greater  imi^urity  than  0-5  per  cent.,  and  with  these 
alkaloids  they  have  very  kindly  supplied  us.  They  inform  us  that  they  believe 
they  are  the  first  workers  to  have  obtained  the  alkaloids  in  this  state  of 
purity,  and  that  other  preparations  are  frequently  contaminated  by  20  per 
cent,  or  more  of  impurity.  These  recent  observations  of  Messrs.  Blagden 
and  Chick  have  revised  the  measures  of  optical  activity  and  melting  points 
usually  assigned  to  these  substances.  The  pure  dried  bases  suppUed  by  tliem 
and  used  by  us  have  the  following  properties  : — 


Specific  rotation  ■^ 

Melting  point. 

Quinidine 

+  323°.  45' 

172-3°C. 

Hydroquinidine 

+  288°,  45' 

170-8°C. 

Quinine 

—  265°,  0' 

172-7°C. 

*  Work  carried  out  on  behalf  of  the  Medical  Research  Council.  A  preliminary  account  of 
certain  of  thesa  observations  was  given  at  the  Physiological  Society,  on  January  21st,  1922. 
Journal  of  Physiol,  Vol.  Ivi,  vii. 

In  experiments  upon  animals,  recorded  in  this  paper,  deep  anaesthesia  (with  ether,  morphia 
paraldehyde,  or  chloretone)  was  always  employed. 

t  Two  grammes  anhydrous  base  dissolved  in  5  c.c.  HCl,  of  specific  gravity  111!,  and  made 
up  to  100  CO.  with  water  at  17°C. 
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These  data  have  also  been  supplied  by  Mr.  Blagden  and  ]\lr.  Chick, 
whose  work  on  these  alkaloids  will  be  the  subject  of  a  forthcoming  com- 
munication to  one  of  the  chemical  journals. 

Method  of  testing  the  alkaloids  clinically.  Single  test  doses  of  the  alkaloid 
are  given,  and  the  effect  upon  the  auricular  and  ventricular  rates  are  observed. 
The  single  doses  used  have  been  04,  0-6  or  0-8  of  a  gramme.  In  comparing 
the  effects  of  repeated  and  equal  doses  of  the  same  preparation,  or  in 
comparing  the  effects  of  equal  doses  of  different  alkaloids  or  different  salts 
of  one  alkaloid,  certain  precautions  are  adopted.  The  patient  breakfasts 
at  6  a.m.  ;  a  glass  of  milk  and  a  slice  of  bread  are  given  at  8.30  ;  at  10  or 
10.30  a.m.  the  test  dose  of  the  alkaloid  is  given.  The  patient  is  connected 
to  the  galvanometer  and  remains  lying  down  quietly  for  a  half  hour  ;  records 
are  then  begun  and  these  are  taken  at  10  minute  intervals  until  the  drug 
is  given  ;  the  patient  continues  to  Ue  quietly  on  a  couch  and  the  records 
arc  continued  at  15  or  20  minute  intervals  throughout  a  period  of  hours. 
The  patient  is  allowed  up  for  a  half  hour  at  lunch  time  (at  about  12.30  p.m.*). 
In  the  earlier  observations  the  case  was  under  observation  until  6  p.m.  of 
the  same  day,  and  morning  and  evening  records  were  also  taken  on  the 
second  and  third  daj's.  In  later  observations  this  has  proved  unnecessary 
and  the  observations  have  been  ended  at  4  p.m.  (a  6-hour  period). 

In  these  comparative  observations  every  endeavour  has  been  made  to 
kee^J  the  conditions  as  uniform  as  possible.  Thus,  in  the  case  of  patients 
recently  admitted  to  the  wards,  a  period  of  several  days  or  a  week's  rest 
has  been  allowed  until  the  fiction  of  the  heart  becomes  uniform.  In  cases 
under  digitaUs  at  admission,  at  least  10  days  are  allowed  to  elapse  before 
cinchona  alkaloids  are  administered.  In  patients  to  whom  such  alkaloids 
have  not  been  previously  administered  a  single  dose  (half  the  size  of  the  test 
dose)  is  given,  and  on  the  succeeding  day  a  single  dose  of  the  same  amount 
is  given  morning  and  afternoon.  On  the  following  morning  but  one  the 
test  dose  is  given  and  the  observations  described  are  made.  If  the  test 
dose  of  the  alkaloid  so  given  is  to  be  compared  with  a  similar  dose  of  an 
aUied  compound,  similar  preliminary  doses  of  the  aUied  compound  are  given 
at  similar  times  relative  to  the  test  dose,  as  on  the  first  occasion.  A  week 
intervenes  between  one  test  dose  and  the  next. 

The  records  are  taken  by  means  of  direct  leads  from  the  chest  wall, 
two  contacts  being  placed  along  the  sternum  and  about  4  inches  apart. 

The  readings  charted  are  average  readings  from  the  strips  of  curve  ; 
the  time  period  occupied  by  10  oscillations  in  each  of  the  three  strips  is 
averaged  and  the  rate  calculated.  Where  the  oscillation  rate  varies 
materially  in  any  given  strip  several  counts  are  made  and  the  average  is 
thrown  into  the  general  average.     The  ventricular  rate  is  calculated  by 

*  Tliis  procoduro  tends  to  raise  the  succeeding  vontriciUnr  ro.iding,  but  ii]ij  oars  to  have 
little  or  no  influence  on  the  auricular  readings. 
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measuring  the  period  occupied  by  most  of  the  ventricular  cycles  recorded 
(omitting  stretches  of  curve  iu  wliich  extrasystoles  of  the  ventricle  occur)  ; 
in  practice  this  means  that  the  ventricular  rate  is  counted  for  about  a 
20-second  ijeriod. 

These  readings,  auricular  and  ventricular,  are  then  charted  and  our 
conclusions  are  ba^ed  upon  a  study  of  these  charts. 

In  a  large  number  of  the  earUer  observations  the  urine  was  collected 
as  frequenth'^  as  possible  and  tested  for  quinidine  by  means  of  JIayer's 
reagent.* 

The  form  and  time  relation  of  the  reaction. 

Wlien  a  single  dose  of  from  0-6  to  OS  of  a  gramme  of  an  active  alkaloid 
(quinidine,  hydroquinidine,  or  in  given  instances,  quiuinef)  or  its  salt  is 
given  by  the  mouth,  in  the  form  of  powdered  crystals  enclosed  in  a  gelatine 
capsule,  the  reaction  is,  w-ithin  certain  Umits,  constant.  The  auricular  rate 
begins  to  fall  usually  at  about  a  half-hour  after  the  dose  is  given  under  the 
concUtions  of  our  observations.  Occasionally  the  beginning  of  the  reaction 
is  delayed  until  three-quarters  to  one  hour  after  the  dose,  but  not  longer, 
unless,  as  in  the  case  of  the  minor  reactions  of  quinine,  the  fall  is  but  sliglit. 
The  fall  of  rate  is  completed  usually  in  two  hours  from  the  time  when  the 
dose  is  administered.  In  isolated  instances  it  has  been  complete  in  1 J  hours  ; 
in  a  few  instances  its  completion  has  been  delayed  to  2.1,  3  or  even  3 J  hours, 
but  not  longer.  For  the  space  of  an  hour  (or  sometimes  longer)  the  curve 
may  run  a  level  course,  then  it  begins  to  rise ;  sometimes  it  begins  to  rise  from 
the  point  where  the  maximal  fall  is  reached.  The  rise  is  a  gradual  one  ;  it  is 
never  completed  during  a  period  of  eight  hours  from  the  dose  ;  it  is  rarely 
completed  in  24  hours  from  the  dose  (the  following  morning).  Usually  the 
original  rate  is  reached  between  24  and  30  hours  after  the  administration 
of  the  drug  ;  it  is  always  reached  within  48  hours. 

The  degree  of  fall  depends  on  the  dose  and  upon  the  alkaloid  given  ; 
it  is  profound  with  quinidine  and  hydroquinidine,  the  rates  dropping  (on 
0-6  to  0-8  of  a  gramme)  from  an  original  level  of  500  or  430  to  360  or  250  ; 
the  fall  is  of  approximately  150  to  200  beats  per  minute  and  occurs  at  a  rate 
of  about  75  to  100  beats  per  hour.  The  total  rise  during  the  late  hours  of 
observation  of  the  same  day  (from  about  1  to  6  p.m.)  is  from  50  to  90  beats, 
the  average  being  about  60  beats  ;  thus,  the  rate  of  rise  averages  about  12 
beats  per  hour.  If  this  rate  of  recovery  were  continued  the  complete 
recovery  would  take  some  13  to  17  hours.  It  is  rarely  accompUshed  in  this 
time,  the  recovery  being  slower  in  its  final  phases. 

*  Mercuric  iodide  13-546  grammes  ;   potassiimi  iodide,  49-8  grammes  and  a  litre  of  water. 
In  an  acid  urine,  containing  the  alkaloid,  a  dense  white  procipitat©  is  formed  by  a  drop  of  the 


t  In  speaking  of  quinidine,  hydroquinidine  or  quinine,  without  qualification,  we  refer  to  the 
pure  preparations  of  dried  base  prepared  for  us  by  Messrs.  Blr.gdeu  and  Chick. 
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These  features  of  the  quinidine  curve  are  summed  up  in  the  accompanying 
chart  (Fig.  1)  which  may  be  taken  to  tj-pifj-  the  reaction. 

The  ventricular  curve  is  less  easj'  to  describe  acciu^ately,  for  it  is  subject 
to  much  greater  fluctuation  than  the  auricular  curve.  That  is  so  because 
movement  of  the  patient  or  excitement  has  little  influence  on  the  auricular 
rate,  while  the  ventricular  rate  is  very  susceptible  to  such  influences. 
Moreover,  the  initial  rate  of  the  ventricle  is  more  variable  than  the  auricular 
and  its  percentage  rise  is  less  constant  than  is  the  percentage  fall  of  the 
auricular  rate. 
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Fig.  1.  .\  diagram  of  the  changes  which  occur  in  auricular  and  ventricular  rate  in  fibrillation 
of  the  auricles,  when  a  single  test  dose  of  pure  quinidine  (0-6  or  0-8  of  a  gi-amme  of  the  base) 
is  given  by  the  mouth.  The  dark  band  above  the  auricular  and  ventricvilar  curves  rtipresonts 
excretion  of  the  alkaloid  in  the  urine,  as  tested  bj^  Mayer's  reagent. 


Very  frequently  the  maximal  point  of  the  ventricular  ciirve  coincides 
accurately  with  the  minimal  point  of  the  auricular  curve  ;  the  former  may 
come  a  httle  before  or  after  the  latter.  Through  and  through  tlie  ventricular 
curve  moves  in  an  opposite  direction  to  the  auricular,  there  being  a  fall  of 
ventricular  rate  during  the  latter  hours  of  the  first  day  ;  in  not  a  few  charts, 
however,  the  ventricular  rate  is  maintained  as  a  plateau  for  some  hoiu-s 
after  the  minimal  auricular  rate  is  reached  and  passed.  Eventually  recovery 
is  complete  and  this  complete  recovery  is  reached  in  the  same  time  as  is  the 
auricular  recoverj-. 

The  alkaloid  begins  to  appear  in  specimens  of  mine,  passed  at  frequent 
intervals,  about  two  hours  after  the  drug  is  given,  that  is  to  say,  when  the 
reaction  is  approaching  its  height ;  usually  the  first  specimen  to  show  the 
alkaloid  gives  a  faint  cloud  with  the  reagent ;  the  next  specimen  taken  will 
show  a  dense  wliite  precipitate,  and  this  continues  to  be  obtained  without 
exception  during  the  remaining  six  hours  of  the  day's  observation.  It  is 
the  rule  to  obtain  no  sign  of  alkaloid  in  the  urine  on  the  following  morning, 
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though  there  are  frequent  exceptions  ;  the  urine  almost  always  fails  to  give 
a  reaction  in  specimens  taken  30  hours  after  the  administration  of  the  drug  ; 
in  a  few  instance  the  reaction  in  the  urine  during  the  second  day  fails  and  the 
alkaloid  reappears  in  a  later  specimen.  Thus,  it  is  the  rule  for  the  urine 
to  become  free  of  alkaloid,  as  tested  by  this  method,  some  hours  before 
recovery  of  the  heart  is  complete. 


Absorption  of  salts  of  different  solnbiiities. 

The  comparative  action  of  different  salts  of  quinidine  has  been  tested 
in  two  patients,  the  preparations  used  being  the  sulphate,  bisulphate, 
and  bihydrochloride  of  a  commercial  quinidine  base,  contaminated  with 
16  to  20  per  cent,  hydroquinidine.*  The  solubiUties  of  the  salts  approxi- 
mately are  : — 

Quinidine  sulphate      .  .  .  .     In  100  parts  cold  water  (15'^C). 

Quinidine  bisulphate   .  .  . .     In      7 

Quinidine  bihydrochloride      . .     In      3-6  ., 

A  standard  dose  of  0-8  of  a  gramme  of  each  of  these  salts  was  given, •{•  the 
interval  between  separate  tests  being  one  week.  The  times  and  conditions 
under  wliich  the  observations  were  carried  out  were  maintained  as  constant 
as  possible,  records  being  taken  before  and  after  the  administration  of  the 
drug  at  approximately  15  or  20  minute  intervals.  The  dose  was  given  at 
10  a.m.  The  curve  showing  the  auricular  and  ventricular  rates  were  charted. 
As  an  illustration  Fig.  2  is  published. 

The  initial  auricular  rate  lay  in  each  observation  between  418  and  -toG. 
The  fall  of  rate  began,  \\'ith  each  of  the  three  preparations,  about  half-an-hour 
after  its  administration,  namely,  at  about  10.30  a.m.,  and  reached  its  low 
limit  within  2^  hours  of  the  dose  (about  12.30  p.m.).  The  fall  in  the  bisulphate 
curve  is  somewhat  delayed  in  its  centre,  but  otherwise  fits  well  with  the 
sulphate  and  bihydrochloride  curve.  The  fall,  of  almost  exactly  equal  extent 
with  tlie  three  salts,  is  to  250  or  2(30  beats  per  minute.  The  remainder 
of  the  curves  shows  the  recovery.  This  takes  place  slowly  ;  between  12.30 
and  6  p.m.  there  is  a  gradual  rise  in  rate  of  about  50  beats  per  minute. 
Between  6  p.m.  and  10  a.m.  of  the  following  morning  there  is  a  furtlicr 
recovery  of  from  50  to  90  beats  (the  rates  now  Ijing  between  350  and  400). 
By  the  same  evening  (5  p.m.)  the  original  rates  are  reached.  The  three 
curves  are  remarkably  parallel  throughout. 

*  These  ob.servatioiis  were  undertaken  at  a  time  wlion  wo  liarl  been  unable  to  obtain  a  puro 
preparation  of  quinidine  ;  for  tlie  estimate  of  impurities  we  are  indebted  to  Mr.  Blagden  and 
Air.  Chick. 

t  The   doses    are    equivalent   to  slightly   different   doses  of    quinidine   base. 

Tlie  sulphate  contains  .  .'       "  .  .  .  .  .  .         0-(jC3  of  a  gramme. 

Bisulphate  contains       .  .  ()-524     „ 

Bihydrochloride  contains  0-628     „  ,, 
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A  similar  parallelism  is  shown  between  the  curves  of  ventricular  rate, 
though  these  curves  (as  is  the  rule)  are  more  irregular.  The  rise  of  ventricular 
rate  is  coincident  with  the  fall  of  auricular  rate  in  each  instance,  and  the 
maximal  rise  of  the  former  correspond  verj'  fairly  with  the  maximal  fall 
in  the  latter  ;  there  is  a  sUght  delaj'  (a  half-hour)  in  the  height  of  the 
ventricular  reaction  ;  this  delay  is  probably  more  apparent  than  real,  for 
the  ventricular  curve  is  more  disturbed  by  the  patient's  luncheon  at  12.30 
to  1  p.m. 


Fig.  2.  Case  12.  A  chart  comparing  the  effects  on  auricular  and  ventricular  rate  of  tliroo  test 
doses  of  commercial  quinidine,  given  in  the  fomi  of  sulphate,  bisulphate  and  bihydroclilorido 
on  the  7th,  12tli  and  19th  of  September,  resj;ectively.  The  dose  of  salt  was  on  each  occasion 
0-8  of  a  gramme.  In  this  and  succeedmg  charts  the  upper  curves  are  auricular,  and  the  lower 
curves  ventricular  ;  the  corresponding  scales  of  rate  are  sllow^^  to  tlxe  left  ;  the  hours  are 
shown  below.  In  this  and  the  remaining  charts,  the  time  at  which  the  doses  were  given  is 
indicated  by  an  arrow.  Tliese  are  all  represented  in  this  chart  as  given  at  10  o'clock  ;  when 
the  dose  was  given  a  few  minutes  before  or  after  the  hour,  tlie  whole  curve  has  been  moved  a 
little  to  bring  it  into  correct  relation  to  its  fellows.  This  statement  applies  to  succeeding 
charts  also.  Above  this  chart,  the  presence  of  alkaloid  in  the  urine  is  indicated  by  a  +  sign, 
and  its  absence  is  indicated  by  a  O  sign.    The  curves  are  broken  wlioro  a  night  elapses. 


Above  the  chart  the  output  of  quinidine  in  the  urine  is  indicated. 
Specimens  were  collected  as  frequently  as  possible  during  the  first  day,  and 
in  the  morning  and  evening  of  the  second  and  third  day,  and  tested  by  means 
of  Mayer's  reagent.     The  alkaloid  appeared  in  the  urine  about  two  hours 
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after  the  close  had  been  given  by  the  month,  and  continued  to  escape  during 
tlie  whole  period  of  observation.  On  the  morning  of  the  second  day  a  trace 
of  quinidine  was  foimd  in  the  urine  on  the  occasion  when  the  bihydrochloride 
was  given.* 

It  seems  clear  from  this  ciiart  and  from  the  similar  set  from  the  second 
patient  (for  these  curves  are  verj-  similar  to  those  used  as  an  illustrationt), 
that  the  three  salts  of  quinidine  produce  reactions  equal  in  degree  and  time 
relations.  This  similarity  was  to  have  been  anticipated,  seeing  that  the 
sulphate  and  bisulphate  are  probably  rapidly  converted  to  a  hydrochloride 
in  the  stomach.  Such  being  the  case  this  chart  may  also  be  used  to  illustrate 
the  uniformity  of  the  reaction  curves  in  given  patients,  submitted  at  intervals 
to  single  doses  of  the  base  of  approximately  equal  amount.  This  uniformity, 
which  indicates  the  reUabihty  of  the  curves,  is  more  conspicuous  in  the  case 
of  the  auricle  than  in  that  of  the  ventricle  ;  that  is  so  because  the  ventricular 
rate  is  much  more  subject  to  the  influence  of  exertion,  emotion,  etc.,  than 
is  the  auiicular,  which  consequently  fluctuates  less. 

Our  observation,  that  the  fall  is  uniform  in  degree  and  rate,  when  a 
given  quantity  of  base  is  administered  on  more  than  one  occasion  to  the 
same  patient  is  not  confined  to  these  salts  of  quinidine.  We  have  on  a  number 
of  occasions  given  two  doses,  at  a  suitable  time  interval,  of  the  same  salt 
or  same  base  to  the  same  patient,  and  have  noted  very  few  exceptions  to 
this  rule  of  uniformity.  It  seems  also  to  be  a  matter  of  indifference  whether 
a  soluble  salt  or  the  base  is  given  ;  absorption,  as  indicated  l)y  the  auricidar 
curve,  occurs  in  the  same  time.  The  last  statement  we  make  after  a 
comparison  of  base  and  salt  in  several  patients,  and  upon  a  large  number  of 
charts  in  which  base  has  been  given  to  some  patients  and  salt  to  others. 

Relation  between  dose  and  degree  of  reaction. 

This  has  been  examined  in  two  patients.  Separate  test  doses  of  0-2, 
0-4,  0-6  and  0-9  of  a  gramme  were  given  successively  on  alternate  days  and 
the  rates  were  charted.  Fig.  3  illustrates  this  comparison.  The  falls 
increase  by  almost  equal  increments  as  the  dose  is  increased  ;  though  it  is 
to  be  noticed  that  the  fall  given  by  0-4  of  a  gramme  is  not  of  twice  the  extent 
of  that  given  by  0-2  of  a  gramme,  and  that  although  the  increase  from  the 
third  to  fourth  dose  is  an  increase  of  0-3  of  a  gramme,  the  corresponding 
fall  is  not  exaggerated.  This,  and  the  corresponding  curves  from  the  second 
patient,  J  suffice  to  show,  however,  that  with  the  range  of  dose  here  emploj-ed, 

*  For  further  information  on  the  output  of  cinchona  alkaloids  in  the  urine,  see  Wiechmann''. 

t  In  both  patients,  as  it  happeiiod,  the  reaction  to  the  bisulphate  was  a  little  delayed  as 
compared  to  tliat  given  by  the  sulphate  and  biliydrochloride.  This  delay  is  considered  to  have 
been  accidental.  In  both  charts  the  bisulphate  cur\-e  comes  latest  ;  yet  it  has  the  middle 
solubility. 

X  These  are  similar,  though  rather  less  uniform,  the  step  between  tlie  1st  and  2nd,  and 
between  the  3rd  and  4th  curves  being  about  equal  to  each  other,  but  more  extensive  tlian  the 
step  between  the  2nd  and  3rd  fall. 
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there  is  a  sufficiently  clear  relation  between  dose  and  reaction  to  render 
approximate  quantitative  comparisons  between  different  alkaloids  or 
different  preparations  of  these  alkaloids  possible. 
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Fig.  3.  Case  10.  A  chart  comparing  the  effects  of  sepamto  and  increasing  single  doses  of 
quinidine  base  on  the  rate  of  the  auricle.  Tlie  doses  were  : — December  the  5th,  0-2  ; 
December  the  7th,  0-4  ;   December  the  9th,  0-6  :  and  December  the  12th,  0-9  of  a  gramme. 


Quinine  and  quinidine  compared. 

It  has  been  stated  h\  Frey^  that  quinidine  is  more  effective  than  quinine, 
the  alkaloid  originally  used  by  Wenckebach,  in  restoring  the  normal  rhythm 
in  cases  of  clinical  fibrillation.  To  establish  a  conclusion  of  this  kind  upon 
the  results  of  treatment  in  two  separate  series  of  cases  would  not  be  easy, 
unless  the  difference  in  the  power  of  the  two  alkaloids  was  emphatic  ;  for, 
although  both  alkaloids,  as  Frey  has  shown,  are  capable  of  effecting  the 
change  to  normal  rhj^thm  in  cases  of  chronic  fibrillation,  a  fact  which  we 
are  able  to  confirm,  yet  the  requisite  quantity  of  one  or  other  varies  very 
much  in  different  patients.  If  equal  quantities  of  quinine  or  quinidine  are 
given  to  two  series  of  patients,  and  if,  in  the  case  of  individuals  of  both 
seiies,  success  is  obtained  sometimes  with  relativeh'  small  doses,  and  some- 
times only  after  relativeh'  large  doses  have  been  taken,  comparison  of  the 
effectiveness  of  the  two  alkaloids  may  be  difficult  unless  the  two  series 
comprise  large  numbers  of  patients.  Even  if  given  doses  of  quinine  are 
administered  to  a  patient  without  bringing  about  a  restoration  of  normal 
rhj'thm,  and  subsequently  similar  doses  of  quinidine  are  administered  and 
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the  normal  rhj-thm  returns,  the  conelusion  that  the  last  alkaloid  is  more 
effective  than  the  first  in  this  particular  patient,  is  not  fuUy  justified  ;  for 
here,  again,  the  factor  of  variation  enters  ;  a  patient  may  be  given  certain 
quantities  of  quinidine  without  apparent  result,  and  later  a  successful  issue 
may  foUow  a  second  course  of  treatment  in  which  smaller  quantities  of  the 
drug  are  used. 


HYDROQUlNIDiNt 


Fig.  4.  Case  1.  A  chiirt  comparing  the  effects  of  equal  tost  doses  of  pure  laydroquinidino, 
quinidine  and  quinine,  given  in  single  doses  of  0-6  of  a  gramme  on  October  the  31st, 
November  the  Ttli  and  November  tlio  14th,  respectively. 


Although,  in  the  end,  a  general  comparison  between  the  power  of  alUed 
alkaloids  might  be  possible  by  sufficient  repetition,  yet  this  method,  used  by 
different  workers,  would  be  apt  to  lead  to  conflicting  conclusions  ;  and  it 
would  never  be  possible  to  express  the  relative  power  in  quantitative  terms, 
or  to  be  sure  that  a  statement  of  difference  in  action  is  universally  true  for  all 
patients. 

It  has  been  thought  desirable,  therefore,  to  obtain  a  more  simple  index 
of  the  reaction,  and  for  this  purpose  we  have  used  single  and  constant  doses 
of  the  two  alkaloids,  following  the  effect  in  each  case  by  plotting  the  sub- 
sequent fall  of  auricular  and  the  rise  of  ventricular  rate  ;   the  former,  from 
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tliis  standpoint,  is  the  more  valuable  of  the  two.  The  procedure  has  been 
similar  to  that  employed  in  the  case  of  the  different  quinidine  salts.  The 
pure  dried  alkaloids  have  been  used  in  the  form  of  base,  and  the  test  dose 
has  been  either  OS  of  a  gramme  (2  eases)  or  0-6  of  a  gramme  (4  eases).  The 
comparison  has  \-ielded  the  following  result  in  the  G  cases  in  ^^luch  it  has 
been  undertaken  ;  the  fall  of  auricular  rate  is  always  less  with  quinine  than 
upon  quinidine. 

Fig.  4  illustrates  this  difference  well.  A  single  do.se  of  0-6  of  a  gramme 
of  pure  quinidine  base  was  administered  to  tliis  patient.  The  auricular 
rate  stood  at  4C0  before  the  alkaloid  was  given  :  the  rate  fell  quicldy,  and 
without  break,  to  a  level  of  272  per  minute,  rose  a  little  and  continued  at 
an  average  level  of  about  310  per  minute  for  several  hours.  A  week  later, 
and  under  similar  conditions,  0-6  of  a  gramme  of  pure  quinine  base  was 
administered.  Before  the  drug  was  given  the  auricular  rate  averaged 
about  465.  Tliis  rate  fell  subsequently  to  404,  actually  the  lowest  point 
reached,  the  general  level  of  rate  declining  to  about  420,  a  fall  of  only 
45  beats  below  its  original  level. 

The  change  in  ventricular  rate  showed  an  equally  striking  difference. 
Starting  at  a  general  level  of  about  70  beats  per  minute,  it  rose  under 
quinidine  to  a  general  level  of  about  120  beats  per  minute,  a  rise  of  oO  beats  ; 
under  quinine  the  rise  in  the  general  level  was  only  just  appreciable,  though, 
owing  to  unsteadiness  of  the  curve,  the  maximal  level  reached  was  S3  beats 
per  minute. 

A  conspicuous  difference  in  the  action  of  the  fibrillating  auricle  to 
similar  doses  of  the  two  alkaloids  may  be  regarded  as  characteristic,  though 
the  degree  of  difference  is  subject  to  variation.  The  case  from  which  the 
chart  is  taken  has  been  summarised  ;  similar  summaries  of  the  charts  of  the 
remaining  5  cases  are  also  included  in  the  accompanj-lng  table  (Table  I). 

The  lowest  points  reached  in  the  amicular  rate  imder  qiiinine  is  some- 
wliat  longer  delayed  than  under  quinidine.  Fig.  4  shows  this  ;  the  lowest 
point  in  tliis  chart  occm-s  ii  hours  after  the  administration  of  the  drug. 
Usually  it  occurs  at  about  2J  to  3^  hours  after  the  capsule  is  swallowed.  It 
is  to  be  noted  that  in  no  instance  in  this  series  did  quinine  produce  a  material 
change  in  the  ventricular  rate. 

In  addition  to  these  six  cases  we  have  given  equal  doses  of  quinidine 
sulphate  and  quinine  sulphate  to  each  of  two  patients,  and  have  compared 
their  curves.  These  preparations  were  impure,  the  first  containing  17  per 
cent,  of  hydroquinidine,  the  last  20  per  cent,  of  cinchonidine.  The  fall  of 
auricular  rate  under  quinidine  was  in  each  case  conspicuous,  and  under 
quinine  was  in  each  case  moderate.  Though  these  two  observations  are  of 
less  value,  on  account  of  the  impurities  present,  thej'  conform  to  our  general 
findings. 

We  conclude  that  when  quinidine  and  quinine  are  given  in  equal  doses, 
the  former  has  a  much  more  powerful  effect  upon  the  auricular  rate,  and 
that  this  difference  is  constant.     The  quantitative  difference  in  the  reaction 
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16  variable,  usuall}-  tlie  ([lunicliiic  fall  is  3,  4,  7  or  more  times  as  great 
as  that  occurring  on  quinine  ;  as  the  first  part  of  the  fall  is  induced  more 
readily  than  the  later  phases,  quinidine  can  scarcely  be  less  than  5  or 
10  times  as  powerful  as  quinine.  In  respect  of  the  ventricle,  Avhile  a  rise 
of  rate  of  lesser  or  greater  degree  is  constant  under  quinidine,  it  does  not 
seem  to  occur  under  similar  single  doses  of  quinine  ;  on  occasion  the  rate 
may  actually  fall  while  the  patient  is  under  the  influence  of  the  last  drug. 

Quinidine  and  hydroquinidine  compared. 

This  comparison  has  been  necessitated  especiallj'  because  in  our  experi- 
mental work^^,  and  in  the  clinical  w'ork  carried  out  by  Drurj-  and  Iliescu, 
the  preparation  used  was  a  commercial  jireparation  of  quinidine  ;  this 
commercial  preparation  was  subsequently  found  to  contain  17  per  cent,  of 
hydroquinidine.  Hydroquinidine  is  the  chief  impurity  in  quinidine  prepara- 
tions, so  we  are  informed,  and  exists  in  greater  or  lesser  quantity  in  all 
preparations  of  quinidine  now  on  the  market.  It  was  obviously  important 
to  ascertain  to  what  extent  the  action  of  such  preparations  owe  their  action, 
if  any,  to  this  impurity. 

The  comparison  has  been  carried  out  on  precisely  the  same  Unes  as  the 
comparison  of  quinidine  and  quinine.  Six  patients  (four  of  whom  belonged 
to  the  previous  series)  have  been  given  equal  single  doses  of  the  two  dried 
alkaloids  in  the  form  of  base.  The  results  have  been  sufBciently  uniform, 
and  are  expressed  in  Table  II,  and  illustrated  by  Fig.  4. 

The  fall  of  auricular  rate  and  the  rise  of  ventricular  rate  occur  after 
both  alkaloids  ;  the  time  relations  of  the  curves  are  essentially  the  same. 
The  shght  delay  in  the  appearance  of  the  hydi-oquinidine  fall  in  Fig.  4  is 
not  characteristic  ;  it  may  faU  in  front  or  behind  the  companion  curve,  or 
with  it.  The  degree  of  movement  is  very  similar.  We  beUeve  that  hj'dro- 
qmnidine  has,  weight  for  weight,  a  very  sUghtly  more  powerful  action  than 
quinicUne.  The  difference  is  admittedly  sUght ;  but  in  all  our  charts  the 
minimal  level  reached  at  the  height  of  the  reaction  is  a  little  lower  for  hydro- 
quinidine. These  figures  are  given  in  Table  II,  the  soUtary  exception  being 
perhaps  Case  7.  In  tliis  patient,  although  the  rule  that  a  lower  auricular 
rate  is  reached  on  hydroquinidine  was  not  broken,  yet  the  original  rate 
before  the  drug  was  given  w^as  lower  than  was  the  case  in  the  quinidine  test, 
and,  when  allowance  is  made  for  this  original  difference,  there  is  Kttle  to 
choose  between  the  two  cur\'-es.  The  curve  of  hydroquinidine  usually 
remains  at  a  slightly  lower  general  level  than  that  of  quinidine  during  the 
period  of  recovery.  Exceptionally,  the  two  curves  cross  frequently  diuring 
the  ascent.  In  only  one  instance  chd  the  hydroquinidine  curve  ascend  at  a 
sUghtly  higher  level  than  that  of  quinidine.  We  conclude  that  in  the  one 
patient  the  reactions  were  equal ;  in  aU  the  remainder  a  distinct,  though 
by  no  means  strildng,  difference  between  the  curves  given  by  the  two  alka- 
loids existed.     The  difference  is  not  so  distinct  in  the  ventricular  curves, 
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though  ill  general  these  also  exliibit  a  slightly  more  powerful  action  of 
hj'droquinidine  ;  these  curves,  fluctuating  as  they  do,  are,  however,  less 
satisfactory  as  indices. 

In  comi^aring  the  action  of  quinidine  upon  the  auricular  curve  with  the 
action  of  another  member  of  the  same  group  Mhich  has  an  almost  equal 
power,  one  point  has  to  be  borne  in  mind.  It  is  conceivable  that  in  a  given 
patient  that  the  dose  given  may  be  more  than  sufficient  to  produce  a  maximal 
reaction  ;  were  that  the  case,  equal  test  doses  of  two  alkaloids  of  different 
power  might  produce  equal  reactions.  If  a  single  dose  of  0-6  of  a  gramme 
of  quinidine  is  given  and  is  repeated  later  -nlth  the  intention  of  adding  a 
second  and  equal  fall  of  auricular  rate  to  the  first,  such  a  second  fall  is  not 
seen.  The  second  fall  is  of  much  less  extent  than  the  first  (see  Protocol, 
Case  1).  It  seems  clear  therefore  that  the  reaction  to  the  first  dose,  when 
tliis  consists  of  0-6  to  0-S  of  a  gramme,  begins  to  approach  a  maximal 
reaction.  Although,  as  has  been  shoMu,  the  degree  of  fall  is  related  to  the 
dose  up  to  these  limits,  it  is  improbable  that  this  relation  would  be  maintained 
much  beyond  doses  of  OS  of  a  gramme.  Bearing  tliis  in  mind,  in  the  com- 
parison of  quinidine  and  hydroquinidine,  we  have  more  frequently  used  the 
small  test  doses,  namely,  0-4  or  0-6  of  a  gramme,  so  that  the  falls  of  auricular 
rate  might  not  approach  so  closely  to  a  possible  minimal  level. 

To  sum  up,  so  far  as  the  two  alkaloids  affect  auricular  and  ventricular 
rate,  it  may  be  said  that  their  action  is  alike,  except  that  hydroquinidine 
has,  perhaps,  weight  for  weight,  a  slightly  more  powerful  action.  That  jiure 
hydroquinidine  wiU  produce  the  final  reaction,  namely,  reversion  to  the 
normal  rhji:hm,  we  have  ascertained.  In  one  patient  (Case  21)  a  single 
do.se  of  0-6  of  a  gramme  produced  this  change.  It  seems  clear,  therefore,  that 
the  contamination  of  quinidine  by  hj^droquinidine  wiU  not  appreciablj- 
influence  the  reactions  obtained  by  commercial  samples  of  the  former 
alkaloid.  Tliis  conclusion  is  not  without  consequence,  for  the  complete 
extraction  of  hydroquinidine  from  quinidine  preparations  is  not,  so  we  are 
informed,  without  difficulty.  On  the  one  hand,  there  appears  to  be  no 
reason  why  tliis  purification  should  be  attempted  when  quinidine  is  to  be 
used  therapeutically  ;  on  the  other  hand,  if  a  pure  preparation  is  desired, 
the  ease  with  wliich  hydroquinidine  is  to  be  obtained  in  a  pure  form  recom- 
mends it  as  the  better  alkaloid  for  standard  observations. 


Digitalis,  Atropine  axd  Qvixidine  (alone  or  combined). 
Digitalis. 

The  action  of  digitalis,  given  in  fuU  therapeutic  doses  to  patients  who 
display  fibrillation  of  the  auricle,  is  well  known  in  so  far  as  the  ventricle  is 
concerned.  Given  in  these  doses,  namely,  a  drachm  of  the  tincture  for 
6  or  10  days,  the  drug  also  affects  the  fibrillating  auricle.  The  oscillations 
become  more  rapid,  with  few  exceptions.    The  rise  of  rate  may  be  by  as  much 
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as  50  or  70  oscillations  per  minute,  though  it  is  often  less  than  these  figures, 
and  in  a  few  cases  no  change  is  seen.  In  only  one  case  have  we  seen  a  fall  of 
rate,  afld  tliis  in  a  patient  on  small  doses  of  the  drug.*  The  rise  of  rate  is 
illustrated  in  several  of  the  present  charts  (Figs.  12  to  17),  and  by  Table  III. 
This  table  is  composed  of  average  figures  of  many  ventricular  rates  recorded. 
The  meaning  of  the  rise  of  auricular  rate,  wliich  is  the  rule,  will  be 
discussed  subsequently. 


TABLE 

III. 

Before  t 

igitalis. 

Quan 

tity. 

After  digital 

- 

Case. 

Auricular 
oscillations. 

Ventricular 
rate. 

Drachms. 

Days. 

Auricular 
oscillations. 

Ventricle. 

5 

otiti 

107 

9 

12 

624 

70 

6 

471 

108 

8 

11 

544 

70 

7 

.521 

96 

9 

9 

524 

50 

8 

530 

8 

8 

1            600 

49 

11 

463 

122 

6 

« 

482 

58 

12  (1st  series) 

430 

84 

5 

7 

483 

54 

(2ud  series) 

430 

84 

6 

8 

454 

51 

13 

517 

119 

11 

11 

532 

65 

14 

428 

129 

S 

7 

467 

75 

15 

510 

116 

5 

10 

484 

69 

16 

437 

72 

7 

14 

467 

55 

17 

495 

125 

lU 

19 

497 

73 

IS 

309 

9(1 

17 

395 

64 

Digitalis  and  quinidine  combined. 

It  has  been  stated  by  V.  Frey*,  and  by  others,  that  the  action  of  quini- 
dine in  restoring  normal  rhj-thm  in  cases  of  fibrillation  of  the  aiuricle,  is 
impeded  by  the  simultaneous  use  of  digitalis.  If  this  were  the  case  it  would 
be  unfortunate,  since  many  patients  while  passing  imder  the  influence  of 
quinidine  are  disturbed  by  a  liigh  rate  of  ventricular  beating,  and  digitaUs 
is  capable  of  controlling  this  rate.  A  number  of  patients  whom  we  have 
simultaneously  treated  with  digitalis  and  quinidine   have  shown  a  successful 


*  In  preliminary  obser\-ations  in  which  small  doses  (J-drachm  of  the  tincture  per  diem) 
were  given  over  long  jwriods  to  out  patients,  we  were  imablo  to  detect  any  constant  change  of 
rate.    It  appears  to  Be  displayed  only  when  full  therapeutic  doses  are  given. 
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reaction,  the  normal  rhythm  being  restored  ;  but,  unless  we  multiplied  our 
observations  many  times,  it  would  not  be  possible  to  declare  whether  the 
percentage  of  success  is  greater  or  less  when  digitaUs  is  also  employed. 
In  one  patient  (see  Protocol  of  Case  26)  in  whom  doses  of  0-8  of  a  gramme 
of  quiiiidine  repeatedly  restored  the  normal  rhythm,  the  same  dose  was 
equally  effective  when  the  patient  was  under  the  influence  of  digitalis.  In 
view  of  past  statements  and  the  observations  to  which  Me  have  referred, 


Fig.  5.  Case  12. 
sulphate.  '1 1 
was  under  ili: 
tration  of  5 
days.     Novel 


omparing  the  effects  of  four  doses  of  0-8  of  a  gramme  of  qiiiiiidiiio 
>•:■:  of  rate  represented  by  black  circles  were  taken  while  the  patient 
toinbor  the  7th,  digitalis  free.  October  the  7th,  after  the  adminis- 
tlio  tincture  in  7  days.  November  the  3rd,  digitalis  free  for  27 
til .  after  the  administration  of  6  drachms  of  tincture  in  8  days. 


and  having  regard  to  the  uncertainty  in  which  they  stiU  leave  us,  we  have 
explored  the  question  in  a  different  fashion,  comparing  the  effects  of  single 
test  doses  of  quinidine  before  and  after  bringing  the  patient  fully  under 
digitaUs.  These  observations  are  summarised  in  Table  IV,  and  illustrated 
by  Figs.  5  and  6. 
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When  the  patient  is  fully  under  digitalis  the  rate  of  the  auricular 
oscillations  is  raised  in  most  patients  by  some  30  or  more  beats  per  minute. 
Speaking  broadly,  a  single  test  dose  of  quinicUne  now  produces  a  fall  or  rate 
wliich  is  equal  in  extent  to  that  obtained  by  the  test  dose  given  in  the 
pre-digitaUs  stage.  Actually,  the  fall,  while  tlie  patient  is  digitaUsed,  may 
be  somewhat  diminished,  or  it  may  be  somewhat  increased  by  the  digitalis  ; 
the  numbers  of  patients  in  which  a  lesser  or  greater  fall  is  seen  are  equal. 
The  difference  has  not  been  a  very  conspicuous  one,  except  in  a  single  case 
{Case  13)  ;  in  this  instance,  the  faU  of  rate  in  quinidine  was  conspicuously 
greater  while  the  patient  was  free  from  digitalis.    But  because  the  original 
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5.  6.  Case.  8.  A  chart  comparing  the  effects  of  two  doses  of  0-4  of  a  gramme  of  quinidine. 
The  curves  of  rate,  represented  by  black  circles,  were  taken  while  the  patient  was  under 
digitalis.  The  rates  wore  measured  on  November  the  29th,  when  the  patient  was  digitalis 
free  ;   and  on  Deeeml  er  the  19th,  when  9  drachms  of  tincture  had  teen  taken  in  11  days. 


rate  of  oscillation  is  liigher  under  digitaUs,  the  lowest  rate  reached  in  the 
quinidine  reaction  is  higher  in  the  digitalised  than  in  the  undigitalised 
subject.  Actually,  tliis  has  been  invariable  in  our  cases,  though  the  difference 
is  not  often  a  conspicuous  one  ;  it  amounts  usually  to  10,  20  or  30  oscillations 
per  minute.  Thus,  although  it  seems  clear  that  digitahs,  given  in  full  doses, 
does  counteract  the  effects  of  quinidine,  it  does  so  in  a  measure  small  enough 
to  be  compensated  by  a  slight  increase  in  the  amount  of  quinidine  given. 
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•  Tlie  slight  disadvantage  to  the  quinidine  reaction  which  follows  from 
simultaneous  digitahs  therapj-  is  often  more  than  counterbalanced  by  the 
control  of  ventricular  rate  which  is  maintained.  In  the  digitalised  patient 
the  ventricular  rate  rises  when  quinidine  is  given  ;  often  it  rises  by  the  same 
number  of  beats  as  in  the  undigitaUsed  patient,  though  this  is  not  always 
so,  but  it  never  rises  to  the  same  level. 

In  respect,  both  of  the  auricular  and  the  ventricular  rates,  it  may  be 
said  that  the  reaction  to  quinidine  is  of  much  the  same  extent,  whether 
digitahs  has  been  given  or  not,  but  is  associated  with  a  somewhat  higher 
scale  of  aiu-icular  rates  and  a  considerably  lower  scale  of  ventricular  nit«s  in 
the  patient  brought  under  the  influence  of  chgitalis. 
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Fig.  7.  Case  21.  A  chart  comparing  the  effects  of  intravenous  injections  of  atropine  siiljihale 
in  a  case  of  auricular  fibrillation  and  complete  heart  block.  On  July  the  lOtli  the  dose  given 
was  1/10  of  a  grain,  and  on  July  the  25th,  1/20  of  a  grain. 

Action  of  atropine  sulphate  on  the  fibrillating  auricles. 

The  action  of  atropine  upon  the  ventricle  in  clinical  fibrillation  of  the 
auricles  has  been  studied  on  many  occasions.  Atropine  raises  the  ventricular 
rate  by  diminishing  vagal  tone  and  thus  increasing  the  conduction  capacity 
of  the  junctional  tissues.  A  chnical  action  on  the  auricles  has  not  been 
reported.  In  experiments  upon  dogs,  Winterberg^^-  -■'  found  that  atropine 
tends  to  abohsh  the  after-effect  of  faradic  stimulation  of  the  aiuicle,  and  this 
observation  we  have  been  able  to  confirm,'  noting  also  that  it  will  frequently 
bring  long-continued  fibrillation*  of   the  auricle  in  dogs  abriq^tly  to  an  end. 


*  Fibrillation  persisting  long  after  the  withdrawal  of  the  stimulus  producing  it.  A  full 
injection  of  atropine  docs  not  always  terminate  exj  eriinental  fibrillation,  however,  though 
this  is  the  rule;  we  have  also  seen  long -continued  impure  flutter  started  by  faradism  in  the 
atropiniscd  heart  on  a  few  occasions,  although  it  is  the  rule  that  little  or  no  aftereffect  appears 
in  these  circumstances. 
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This  action  of  atropine  is  tlie  reverse  of  that  accomplished  by  vagal  stimu- 
lation ;  as  is  well  known,  the  usual  effect  of  such  stimulation  is  to  increase 
the  rate  of  the  auricular  movements  when  the  auricle  is  fihrillating,  and, 
generally  speaking,  the  fibrillation  continues  so  long  as  an  increased  vagal 
tone  is  maintained.  It  is  to  be  expected,  therefore,  that  atropine,  given 
in  cases  of  fibrillation  of  the  auricle,  will  slow  the  oscillations,  as  these  appear 
in  direct  leads.    This  proves  generally  to  be  so. 


Fig.  8.     Case  20.     A  similar  chart  to  the  last .     On  January  the  25th  tho  dose  of  atropine  was  ' 
and  on  February  the  1st  it  was  1/10  of  a  grain.     A  case  of  fibrillation  of  the  auricle. 


The  action  of  atropine  upon  the  fibrUlating  auricle  has  been  studied  in 
thirteen  patients,  using  doses  of  from  1/50  to  1/10  of  a  grain  of  the  sulphate, 
either  hypodermically  or  intravenously,  and  its  effects  are  abundantly  illus- 
trated in  the  accompanying  charts ;  when  a  full  dose  of  atropine  is  given,  the 
auricular  oscillations  fall  in  rate  usually  by  20  to  40  beats  per  minute.  A 
distinct  fall  was  seen  in  10  out  of  13  patients,  and  in  several  of  these  the 
fall  amounted  to  50,  and  in  one  case  to  140  oscillations  per  minute.  In  onl^' 
3  of  the  13  was  there  little  or  no  appreciable  change.  The  falls  of  rate  are 
most  conspicuous  when  the  drug  is  injected  intravenously,  and  when  doses 
of  1/20  or  1/10  of  a  grain  are  reached.  Falls  of  the  usual  degree  are  illustrated 
in  Figs.  7,  8,  10,  15  and  16  ;  Fig.  14  illustrates  the  occasional  patient  in  whom 
little  change  of  rate  is  apparent. 
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If  the  same  patients  are  first  fully  treated  with  digitahs,  the  rate  of 
the  auricular  oscillations  is  raised,  as  we  have  seen  ;  atropine  now  reduces 
this  rate,  the  fall  being  usually  greater  in  extent  than  in  the  digitaUs  free 
stage.  Falls  of  auricular  rate  of  about  equal  extent  are  shown  in  Fig.  15  ; 
falls,  which  are  greater  under  digitaUs,  are  shown  in  Figs.  12,  16  and  17.  A 
fall  which  is  conspicuously  greater  under  digitalis  is  illustrated  b}-  Fig.  13  ; 
the  last  chart  is  an  exceptional  one. 


Action  of  atropine  upon  the  ventricular  rate,  idth  special  reference  to  the  nature 
of  digitalis  block. 

Historical  and  introductory.  The  slowing  of  the  ventricle,  produced 
in  clinical  cases  of  auricular  fibrillation  b\-  digitahs  therapy,  is  now  universally 
ascribed  to  block  produced  at  the  A-  V  junction. "^  The  precise  manner 
in  which  tlxis  block  arises  is  still  under  discussion  ;  the  evidence  is  both 
experimental  and  cUnical.  It  seems  clear  that  digitaUs  bodies  are  capable 
of  producing  heart-block  in  one  of  two  ways,  either  by  an  indirect  action 
through  the  vagus  or  bj-  a  cUrect  action  on  the  muscle.  Yet,  in  many  experi- 
ments upon  dogs,  an  action  on  the  vagi  has  been  difficult  to  display.  It 
was  well  displayed  in  Traube's  original  experiments,--  experiments  performed 
without  anaesthetics,  and  reported  in  1871.  In  recent  experiments  on  dogs'- 
and  using  crystalUsed  strophanthin,  we  have  seen  Uttle  or  no  slowing  of  the 
heart  or  block  of  the  ventricle,  which  could  be  ascribed  to  a  vagal  effect ; 
but  we  have  constantly  seen  block  resulting  from  a  direct  action  {see  also 
experiments  on  pages  249  and  250). 

Variations  of  the  anaesthetic,  the  use  of  ether  alone,  paraldehyde  and 
ether,  paraldehyde  ether  and  morphine,  have  not  affected  our  results  ; 
such  slowing  or  block  as  we  have  seen  has  always  been  due  to  direct  action. 
Cushnyi  has  seen  block  of  vagal  origin  in  dogs,  foUowing  the  injection  of 
strophanthin,  under  choretone  anaesthesia.  Robinson  and  Wilsoni*^  used 
cats  imder  ether  anaesthesia,  and  obtained  A-  V  block  wliich,  though 
chiefly  of  vagal  origin,  was  in  part  attributable  to  a  direct  effect.  The 
results  of  experiments  on  animals  appear  to  be  compUcated  by  the  anaes- 
thetic, and  also  seem  to  vary  according  to  the  animal  used.  Thus,  experiment 
has  not  finaUy  taught  us  which  effect,  the  direct  or  the  indirect,  is  pre- 
dominant in  the  therapeutic  use  of  digitalis,  though  it  seems  to  be  estabUshed 
experimentaUj-  that  blocks  both  of  direct  and  indirect  origin  occur  in 
various  circumstances. 

When  we  examine  the  cUnical  evidence,  evidence  which,  if  definite, 
should  obviously  carry  more  weight  in  deciding  the  question  under  dis- 
cussion, we  find  that  this  is  also  conflicting.  The  argument  turns  upon  the 
reaction  to  atropine. 

Mackenzie,!*  in  1911,  treated  cases  of  auricular  fibriUation  with  digitaUs, 
and  reduced  the  rate  of  the  beating  ventricle.     In  one  of  these  patients  a 
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liypodermic  injection  of  1  33  of  a  grain  of  atropine  produced  a  rise  of  rate  to 
the  level  at  which  it  stood  before  digitahs  treatment.  Mackenzie  speaks  of 
similar  results  obtained  by  Silberberg,  and  concludes  that  "  so  far  as  our 
observations  go,  the  action  of  atropine  in  increasing  the  rate,  when  it  is 
slowed,  seems  to  indicate  that  digitahs  acts  through  the  vagus  nerve." 
Silberberg-*  reported  a  number  of  observations  in  the  same  year,  and  concludes 
that  the  slowing  is  in  part  direct  and  in  part  vagal  ;  but  at  a  later  date  this 
series  of  cases,  to  whicli  fresh  cases  had  been  added,  was  reported  upon  and 
full}'  discussed  bj'  Cushny,  Marris  and  Silberberg.^ 
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9.     Case  19.     .\  similar  chart  to  th( 


On  April  the  Uth  the  i 


and  on  .\pril  the  15th  it  was  1/10  of  a  gram. 


Cushny  and  his  collaborators  came  to  the  conclusion  that,  "  in  auricular 
fibrillation,  digitahs  and  its  alhes  slow  the  heart  from  some  direct  action 
on  the  heart,  and  not  from  stimulation  of  the  inliibitory  mechanism." 

Their  argument  may  be  illustrated  diagrammatically.  Suppose  the 
line  cc  (Fig.  10)  to  represent  the  level  at  which  the  ventricle  beats  originally 
in  response  to  the  fibrillating  auricle,  and  further  suppose  that  tliis  rate  is 
reduced  from  c  to  e  under  digitahs.  Atropine  is  now  given  and  the  rate 
returns,  let  us  say,  from  e  to  c.    The  original  fall  under  digitalis  is  abolished 


DRUG     ACTIONS    IX    AURICULAR    FIBRILLATIOX. 


229 


by  the  atropine.  This  observation  does  not  justify  a  conclusion  that  the 
original  fall  was  vagal  in  origin,  for,  if  a  dose  of  atropine  is  given  in  the 
predigitalis  stage  the  rate  is  Ufted  temporarilj'  to  a.  According  to  Cushnj', 
the  original  level  c  was  maintained  at  a  comparatively  low  point  by  normal 
reflex  vagal  tone,  and,  when  the  rate  is  further  reduced  (to  e)  by  digitalis 
the  subsequent  rise  on  atropine  is  attributable  to  the  loss  of  the  original 
vagal  tone,  prevaiUng  at  c  and  still  maintained  after  digitalisation,  and  is 
not  due  to  the  aboUtion  of  a  digitalis  vagal  tone.  To  obtain  ;jroo/ that  the  fall 
on  digitalis  is  due  purely  to  an  increase  in  pre-existing  vagal  tone,  it  would  be 
necessary  to  show  that  the  rate  of  the  digitalised  heart  is  raised  by  atropine 
from  level  e  to  level  a  ;  since  atropine,  given  in  a  sufficient  dose,  should 
aboUsh  not  only  the  original  reflex  vagal  tone,  but  also  that  part  of  the 
final  vagal  tone  which  has  been  superadded  by  digitaUs. 


Fig.  10.     A  diagram  used 


describing  tlie  reaction  of  tlie 
digitalis  and  atropine. 


auricular  fibrillation  to 


The  argument  that  the  final  rise  under  atropine  from  e  to  c  cannot  be 
used  as  proof  of  the  vagal  action  of  digitaUs  is  evidently  sound. 

On  the  other  hand,  the  conclusion  of  Cushnj-  and  his  co-workers  seems 
to  be  carried  too  far.  Proof  of  a  purely  direct  action  would  be  obtained  only 
if  the  second  and  adequate  dose  of  atropine  failed  to  produce  a  rise,  namelj', 
if  the  level  remained  stationary  at  e.  It  may  be  argued  that  since  the  rise 
from  e  to  c  is  no  greater  than  the  rise  from  c  to  a,  this  relation  points  to  both 
these  rises  being  due  to  one  cause,  namely,  the  loss  of  the  origin  reflex  vagal 
tone,  and  that  a  digitalis  vagal  tone  plays  no  part  in  the  fall  from  c  to  e.  This 
argument  is  only  vaUd  if  a  certain  measure  of  vagal  tone  produces  equal 
falls  of  ventricular  rate  from  different  initial  levels,  and  if  we  can  be  sure  that 
when  the  ventricle  slows  under  digitalis,  the  original  measure  of  reflex  vagal 
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tone  is  maintained  ;  the  first  assumption  is  scarcely  justified,*  and  the 
second  is  decidedly  open  to  question.  We  conclude  that,  in  the  atiopine 
test,  proof  of  uncomplicated  vagal  action  requires  a  Hft  of  rate  from  e  to  a, 
and  that  proof  of  uncomphcated  chrect  action  requires  an  unaltered  level  e. 
Neither  the  one  nor  the  other  form  of  curve  characterises  the  atropine  reaction, 
as  this  is  illustrated  by  Mackenzie  and  by  Cushny.  The  rate  of  the  ventricle 
rises,  but  it  rises  either  to  a  level  intermediate  between  e  and  c,  or  actually 
to  c. 

A  question  of  some  consequence  to  this  discussion  is  what  constitutes 
an  adequate  dose  of  atropine  in  the  human  subject.  In  Cushny's  series  the 
dose  employed  was  for  the  most  part  1/50  of  a  grain,  given  hypodermically. 
In  one  patient  the  test  was  repeated  -nith  1/25  of  a  grain  and  a  rise  to  the  same 
rate  of  ventricular  beating  resulted  ;t  from  tliis  it  was  concluded  that  1/50  of 
a  grain  is  a  sufficient  quantitj'  fully  to  remove  vagal  inhibition.  Tliis  evidence 
has  seemed  to  us  insufficient,  it  being  well  known  that  1/100  of  a  grain  is  inade- 
quate ;  it  has  also  seemed  desirable  to  investigate  the  manner  in  which 
vagal  tone  disappears,  whether  it  is  an  abrupt  change  or  whether  partial 
paralysis  may  be  obtained  by  regulating  the  dose.  Our  preliminary 
observations  have  been  made  upon  dogs. 

Minimal  adequate  doses  of  atropine.  In  threej  exijeriments  on  dogs  we 
have  endeavoured  to  ascertain  the  minimum  dose  of  atropine  sulphate 
required  completely  to  paralyse  the  action  of  the  vagus  nerve.  The  vagus 
is  stimulated  and  its  effect  on  the  natural  auricular  rate  observed.  As  the 
right  vagus  has  generally  a  much  more  powerful  influence  on  the  normal 
rhythm  than  the  left  vagus,  the  first  has  been  utilised  exclusively.  The 
rates  were  measured  electrocardiographically,  and  are  expressed  in  the 
accompanying  table  (Table  V). 

After  exposing  the  vagi  and  cutting  both  nerves  high  in  the  neck,  the 
right  nerve  is  stimulated  repeatedly  at  intervals  to  ascertain  that  constant 
reactions  are  present  before  proceeding.  The  secondary  coil  is  adjusted  at 
two  points  on  the  scale,  the  near  point  being  such  that  stimulation  j-ields 
standstill  of  the  auricle  during  the  period  of  stimulation, §  the  far  point 
being  such  that  an  appreciable  slowing  of  the  auricle  is  produced.  Constancy 
being  obtained,  a  record  at  each  distance  of  the  coil  is  taken  and  these  results 
are  incorporated  in  the  table.  Atropine  sulphate  01  of  a  miUigramme,  in  a 
few  cubic  centimetres  of  saline  are  now  injected  into  a  vein,  and  a  minute 

•  A  halving  of  ventricular  rate  by  block  is  produced  more  easily  when  the  rate  of  the  ventricle 
is  initially  high  than  when  it  is  low,  and  a  halving  at  a  high  rate  means  a  much  larger  fall  in  the 
number  of  beats  per  minute  than  does  halvmg  at  a  lower  rate.  It  follows  that  a  fall  of  rate  by  a 
given  number  of  beats  is  much  more  easily  produced  when  the  initial  rate  is  high  than  when  it  is 
low. 

fTlioriseon  the  1/25  of  a  grain  was  greater  than  on  the  1/50  of  a  grain,  the  original  level 
being  lower  in  the  former  case. 

X  Preliminary  exiieriments  to  obtaui  an  approximate  idea  of  the  dose  required  are  not 
described. 

§  lASting  about  5  seconds. 
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or  a  little  later  the  weaker  stimulation  is  repeated  and  its  effects  recorded.* 
If  this  weak  stimulation  still  produces  appreciable  slowing,  a  second  dose  of 
atropine  is  given  ;  if  there  is  little  or  no  apparent  slowing,t  the  effects  of 
stronger  stimulation  are  also  recorded.  The  experiment  proceeds  in  this 
fashion,  the  total  amount  of  atropine  injected  rises  and,  as  the  effects  of 
stimulation  become  less  apparent,  the  strengtli  of  the  faradic  current  is 
increased. 

Experimenting  in  this  fashion,  it  is  shown  that  in  dogs  of  about  10 
kilogrammes  weight  01  of  a  milligramme  of  atropine  has  usually  a  very  decided 
effect  on  the  vagus  in  the  direction  of  paralysing  it.  But  the  total  dose| 
must  be  increased  to  0-2  or  to  0-4  of  a  milhgramme,  before  the  effects  of  the 
weaker  stimulation  are  abolished.  If  the  stronger  stimulation  is  now 
employed,  a  reaction  is  still  seen  and  is  usually  verj'  definite,  though  standstill 
of  the  auricle  no  longer  occurs.  Thus,  the  minimal  dose  required  to  abolish 
decided  effects  of  weak  stimulation  is  insufficient  to  abolish  the  effects  of 
stronger  stimulation,  though  the  last  are  materially  reduced  in  their  degree. 

The  minimal  dose  of  atropine  required  to  abolish  the  effects  of  strong 
stimulation  is  approximately  from  0-5  to  10  milhgramme  in  dogs  of  10 
kilogrammes  weight,  or  005  to  01  of  a  milligramme  per  kilogramme  of 
body  weight. 

Calculated  on  tliis  basis  for  the  human  subject  of  75  kilogrammes,  the 
dose  reqiiired  to  paralyse  the  vagus  would  be  3-7  to  7-5  inilHgrammes  (or 
approximately  1/17  to  1/9  of  a  grain).  From  these  observations  upon  dogs  we 
should  be  led  to  expect  that  1/50  of  a  grain  given  intravenously  in  the  normal 
human  subject  wovild  produce  very  decided  effects  on  the  vagi,  nearly  but 
not  completely  paralysing  them,  the  requisite  dose  to  produce  complete 
paralysis  being  approximately  1/20  or  1/10  of  a  grain. 

Clinical  observations.  In  several  cases  of  auricular  fibrillation  the 
releases  of  ventricular  rate  obtained  by  intravenous  injections  of  1/20  and 
1/10  of  a  grain  of  atropine  have  been  compared.  In  two  of  the  patients  the 
ventricular  release  was  no  greater  with  one  dose  than  with  the  other  (Fig.  8), 
in  the  tliird  case  the  ventricular  release  was  sUghtly  but  distinctly  greater 
when  1/10  of  a  grain  was  injected  (Fig.  9)  and  a  more  conspicuous  difference 
was  recorded  in  the  falls  of  auricular  rate.  In  a  fourth  patient  complete  block 
was  present  ;  in  this  case  the  rises  of  ventricular  rate  and  the  falls  of  auricular 
rate  were  equal  (Fig.  7).  It  would  appear  from  these  observations  that  1/20 
of  a  grain  is  usually  adequate,  though  on  occasion  a  larger  dose  is  required ; 

*  All  records  w  oro  repeated  once  and  the  table  expresses  averages  of  these  repeated  observations. 

t  We  say  apparent  because  exact  measurement  of  tlie  records  has  to  be  left  until  the  plates 
are  developed  and  dried  and  the  experiment  is  over. 

i  In  speaking  of  total  doses  it  is  to  be  pointed  out  that  in  the  later  periods  of  experiments 
lasting  -lOto  50  minutes,  there  may  be  some  recovery  from  the  effects  of  the  initial  doses. 
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to  be  quite  certain  of  complete  paralj'sis  of  the  vagus  a  dose  of  at  least   1/10 
of  a  grain  is  necessary.* 

Our  next  observations  were  upon  three  patients  \\\\o  were  brought 
fully  under  the  influence  of  digitalis.  In  these  instances  1/20  of  a  grain  of 
atropine  was  injected  intravenously,  and  in  each  instance  a  conspicuous  rise 
of  ventricular  rate  was  obtained  (Figs.  11,  12  and  13).  In  previous 
observations,  in  which  for  the  most  part  1/50  of  a  grain  of  atropine  has  been 
injected  subcutaneously,  the  acceleration  of  the  ventricle,  after  it  has  been 
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Kig.  11.  CaseM.  October  tho  7th.  A  chart  showing  the  effect  of  a  single  doso  of  1,20  of  a  grain 
of  atropine  given  intravenously  to  a  patient  who  had  taken  six  drachms  of  tmcture  of 
digitalis  m  eight  days.  Tlie  average  predigitalis  rates  are  shown  to  the  loft  ;  auricular 
rate,  4G3  ;  ventricular  rate,  122. 


slowed  by  chgitahs,  has  failed  to  pass  beyond  the  original  (predigitahs)  level. 
The  atropine  injection  has  produced  a  rise  from  c  to  d,  or  at  the  most,  from 
e  to  c.  Using  a  heavier  dose  and  injecting  intravenously,  curves  which  we 
regard  as  more  representative  are  obtained  ;  the  rise  usually  passes  beyond 
the  predigitahs  level  (level  c)  and  may  go  considerably  beyond  it.     Fig.  13 


*  This  dose  is  probably  as  large  a  dose  as  it  is  safe  to  give  ;  in  one  patient  to  whom  it  was 
administered,  numbness  and  weakness  of  the  legs,  with  a  little  mental  confusion,  developed 
temporarily.  In  the  remaining  cases  drjTiess  of  mouth  and  widely  dilated  pupils  were  the  chief 
symptoms. 
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is  the  most  striking  example  of  our  series.  In  this  patient  the  average  rate 
of  the  ventricle  after  a  long  period  of  rest  in  bed  was  101  per  minute  ;  1/20  of 
a  grain  of  atropine  raised  the  rate  to  232  per  minute.  He  was  now  given  full 
doses  of  tincture  of  digitalis,  taking  9  drachms  in  12  daj's.  The  ventricular 
rate  fell  to  an  average  rate  of  70.  The  atropine  injection,  being  repeated,  gave 
a  rise  to  205  beats  per  minute.  The  first  atrojjine  rise  was  of  131  beats  and 
the  second  of  135  beats  per  minute.  The  full  rate  of  232  beats  per  minute 
was  not  attained  at  the  second  injection,  consequently  it  cannot  finally  be 


.  12.  Case  6.  A  . 
grain  of  atrojiiii. 
Deconibor  tho  Is 
charts  the  digital, 
plaiii  circles. 


m  tlio  effects  of  two  separate  intravenous  doses  of  1/25  of  a 
II  October  the  17tli  the  patient  was  digitalis  free,  and  on 
s  drachms  of  tincture  in  1 1  days.  In  this  and  succeeding 
ipresented  by  black  circles,  and  the  digitalis  free  curves  by 


concluded  that  the  digitalis  slowing  was  in  this  case  purely  vagal ;  but  it 
can  be  said  with  some  approach  to  finality  that  in  this  case  digitaUs  produced 
its  effect  in  part,  if  not  largely,  through  the  vagus  ;  for  the  second  dose  of 
atropine  almost  abolished  not  only  the  fall  in  digitalis,  but  also  the  pre- 
existing reflex  vagal  tone.  The  differences  of  level  before  and  after  the 
administration  of  digitaUs  was  one  of  31  beats  per  minute  ;  the  difference 
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iu  the  maximal  rates  attained  under  the  two  doses  of  atropine  was  one  of 
27  beats.  These  two  differences  cannot  reasonably  be  regarded  as  equivalent 
or  nearly  equivalent ;  the  first  difference,  occurring  at  rates  above  200,  is  a 
minor  difference  compared  with  the  second,  which  obtained  at  rates  of  100 
and  under. 


Fig.  13.  Case  5.  A  chart  comijaring  the  effects  of  two  separate  intravenous  doses  of  1/20  of  a 
grain  of  atropine  sulphate.  On  October  the  7th  the  patient  had  taken  9  drachms  of  tincture 
in  12  days.    On  December  the  1st  he  had  taken  no  digitalis  for  49  days. 

Finally,  in  four  patients,  we  have  tested  the  adequacy  of  .such  doses  as 
1/50  or  1/33  of  a  grain  of  atropine,  given  hj-podermically,  by  administering, 
at  the  height  of  the  reaction,  a  second  dose  sufficient  to  bring  the  total  dose  to 
1/20  of  a  grain.  This  procedure  has  been  adopted  before  and  after  bringing 
the  patient  imder  the  influence  of  digitahs  (Figs.  14  to  17).  These  charts  show 
quite  clearly  that  the  hjijodermic  injections  are  usually  inadequate  ;  thev 
may  be  adequate  as  in  the  predigitaHs  curve  of  Fig.  14  ;  more  frequently  the 
ventricidar  rate  rises  appreciabh"  or  conspicuou.?ly  above  its  previous 
maximal  point.  In  these  four  examples,  a  new  and  higher  maximal  point  is 
always  reached  in  the  digitahsed  patient ;  *  and  it  is  also  clear  from  the 

*  We  have  seen  one  instance,  and  one  only,  in  which  this  was  not  the  case. 
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charts  that  the  rise  obtained  by  the  second  or  intravenous  dose  of  the  drug 
is  usually  greater  when  the  patient  is  under  digitalis  than  when  he  is  digitahs 
free.  Tliis  observation  accords  with  our  view  that  the  vagal  tone  is  greater 
in  the  digitahs  stage,  and  that,  being  greater,  it  is  more  chfificult  to  abohsh 
by  means  of  atropine. 

It  is  to  be  observed  that  in  several  of   these  charts  the  full  reaction  to 
the  second  dose  of  atropine  is  not  long  maintained  ;  recovery  is,  in  general. 


13-^ 

Fig.  14.  Case  13.  A  chart  comparing  the  effects  of  atropine  sulphate  given  in  two  successive 
closes,  before  and  after  the  administration  of  digitalis.  The  first  dose  was  in  each  instance 
1/50  of  a  grain  given  hj'podermically  ;  the  second  dose  of  1/33  of  a  grain  was  given  intra- 
venouslj'  during  the  height  of  the  reaction  to  the  first  dose.  On  January  the  11th  the  patient 
was  digitalis  froo  ;  on  Januarj-  the  30th  he  had  taken  11  drachms  of  tincture  in  11  days. 


relatively  rapid.  Thus  the  maximal  rate  recorded  is  rarely  maintained  for 
more  than  2  or  3  minutes,  and  a  conspicuous  fall  has  often  taken  place  within 
5  or  10  minutes.  We  have  been  careful  to  ascertain  that  these  rises  of  rate 
are  not  connected  with  the  puncture  of  the  sldn  or  vein,  by  the  needle.  Little 
or  no  rise  of  rate  occurred  in  these  patients  immecUately  after  the  hypodermic 
injections.  The  instant  at  which  the  hft  of  rate  comes  is  easy  to  observe  by 
watching  the  moving  string  of  the  galvanometer  ;     it  comes,  not  when  the 
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skin  or  the  vein  is  punctured,  but  almost  immediately  after  the  actual  intra- 
venous injection.  We  are  inclined  to  attribute  the  relatively  rapid  recovery 
from  the  maximal  rate  attained  on  the  second  injection,  in  part  at  least,  to 
increase  in  the  afferent  impulses  plaj-ing  on  the  vagal  centre.  The  ventricular 
rate  is  greatly  raised,  and  we  may  expect  that  the  vagal  centre  ■nill,  in  these 
circumstances,  be  called  upon  to  exert  itself  to  the  utmost  to  counteract  the 
excessive  heart  action  ;  it  is  imable  to  do  so  in  whole,  because  the  vagal 
nerve  endings  in  the  heart  are  damaged  by  atropine,  but  it  may  do  so  in  part. 


Fig.  15.  Case  7.  A  similar  chart  to  the  last,  to  which  has  been  added  the  effect  of  a  single  intra- 
venous dose  of  1/20  of  a  grain  of  atropine  sulphate.  On  Decemler  the  2nd  the  patient 
was  digitalis  free,  and  was  given  1  33  of  a  grain  of  at  ropino  hypodermically,  and  later  1  /oO  of 
a  grain  intravenously.  On  Decemter  the  1 4th  tho  patient  had  taken  9*  d'rachms  of  tincture 
of  digitalis  in  11  days;  he  was  given  similar  injections  of  atropine  to  those  of  the  2nd. 
On  Pecemher  the  16th  the  patient  had  taken  11  drachms  o£  the  tincture  in  13  days  ;  he 
was  given  1  20  of  a  grain  of  atropine  intravenously. 


In  one  instance  we  have  compared  the  ventricular  rates  attained  by  the 
two  doses  of  atropine,  the  first  of  1  33  of  a  grain  given  hypodermically  and  the 
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second  of  1/50  of  a  grain  given  intravenously,  making  a  total  of  1/20  of  a 
grain,  with  a  single  intravenous  injection  of  1/20  of  a  grain  (Fig.  15).  The 
last  method  of  administration  produced  a  distinctlj'  greater  effect.  It  seems 
to  us  probable,  that  the  intravenous  method  will  prove  the  more  effective 
as  a  rule,  since  the  height  of  the  reaction  to  a  hj'podermic  dose  is  not  reached 
for  20  or  30  minutes  after  an  injection  ;  during  tliis  period  some  of  the 
ati-opine  is  probably  eliminated  or  destroyed  in  the  tissues.  Figs.  15  and  16 
also  illustrate  the  fact  that  frequently  when  atropine  is  given  in  the  cUgitaUs 
stage,  the  ventricular  rate  can  be  ch'iven  above  the  predigitaUs  level  (level  c 
of  Fig.  10). 
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Fig.  16.  Case  8.  A  similar  chart  to  that  of  Fig.  14.  On  December  the  Sth  the  patient  was 
digitalis  free,  and  was  given  a  hj-podennic  injection  of  1/50  of  a  grain  of  atropine  sulphate, 
followed  by  an  intravenous  injection  of  1  33  of  a  grain.  On  December  the  16th  he  had 
taken  7i  dnichms  of  tincture  of  digitalis  in  S  days,  and  received  similar  doses  of  atropine  to 
those  ofthe  Sth. 


In  view  of  such  observations  as  we  have  now  recorded,  it  seems  reasonable 
to  conclude  that  digitalis  does  exert  an  influence  through  the  vagus,  and 
that  in  greater  or  lesser  measure  this  increase  of  vagal  tone  may  be 
responsible  for  ventricular  slowing.  It  still  cannot  be  concluded,  finally,  that 
the  fall  of  rate  is  purely  vagal  in  any  patient,  neither  can  it  be  concluded, 
finally,  that  the  fall  is  due  purely  to  a  direct  action  in  any  patient.  It  seems 
most  probable  that  both  actions  are  usually  exerted,  but  that  they  are  exerted 
in  different  proportion  from  case  to  case. 
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The  Theory  of  Circus  Movement  applied  to  certaix  of  the 
foregoing  observations. 

In  this  article,  the  effects  of  certain  drugs  upon  the  rate  of  the  auricular 
oscillations  have  been  recorded.  We  may  now  attempt  to  explain  these 
changes  in  rate  by  means  of  the  theory  of  circus  movement.  According  to 
our  view,  each  of  the  oscillations  produced  by  the  fibrillating  auricle 
represents  a  complete  circus  movement  in  the  auricle,  and  the  average  rate 
of  these  oscillations  in  clinical  fibrillation,  is  450  per  minute.*  The  rate  of 
these  oscillations  is  determined  by  the  duration  of  individual  circuit  move- 
ments. The  factors  governing  the  circulation  time  are  (a)  the  rate  of  propa- 
gation and  (6)  the  length  of  the  path  travelled.  The  length  of  the  path 
travelled  is  governed  by  one  or  both  of  two  factors,  namely,  the  rate  of 
propagation  and  the  length  of  the  refractory  period,  according  to  circum- 
stances. We  may  say,  therefore,  that  the  circulation  time  is  in  reality 
governed  by  : — 

(«)  the  rate  of  propagation,  and 

(b)  the  length  of  the  refractory  period. 
A  shorter  circulation  time,  an  increase  in  the  number  of  circuit  movements 
per  minute,  is  induced  by  : — 

(1)  an    increased    rate    of   conduction    {i.e.,    reduced   transmission 

intervals),  and  by 

(2)  a  reduced  refractory  period,  when  this  permits  the  wave  to  accept 

a  shorter  channel. "j" 
Conversely,    a   longer   circulation   time   and   fewer   circuit    movements    per 
minute,    are    induced    by    lengthened    transmission    intervals,    and    by    a 
lengthened  refractory  period  when  the  last  forces  the  wave  into  a  longer 
channel. 

*  In  a  recent  review,  Rothberger'*  appears  to  be  under  the  impression  that  there  are 
examples  o£  clinical  fibrillation  in  which  the  oscillations  have  a  rate  of  a  much  higher  order. 
Having  examined  over  50  cases  of  fibrillation  from  this  point  of  view,  we  are  unable  to  agree. 
The  more  rapid  oscillations  sometimes  seen  in  lead  /  /  are  either  the  result  of  tremor  in  the  somatic 
muscles,  or  are  due  to  the  plane  in  which  the  lead  lies  ;  if  this  is  unfavourable,  a  single  circus 
movement  may  be  represented  by  several  small  summits,  as  shown  by  Drury  and  lliescu,''  just  as 
a  single  normal  auricular  contraction  may  be  represented  by  several  summits. 


t  Tliese  are  the  broad  effects,  though  the  question  is  a  complex  one.  An  increase  or  decrease  in 
the  rate  of  conduction  will  be  mainly,  perhaps  solely  effective,  when  the  original  gap  is  a  material 
one.  An  increase  or  decrease  in  the  refractory  period  will  be  mainly  or  solely  effective,  when  the 
original  gap  is  minute,  and  the  wave  is  free,  at  the  change,  to  take  a  longer  or  shorter  channel. 

The  path  may  also  change,  theoretically,  as  a  result  of  change  in  the  rate  of  conduction. 
If  tliis  occurs,  the  effect  of  tho  socoudary  change  would  tend  to  neutralise  the  effect  of  the  primary 
change,  so  far  as  an  i  .'!  n  n  i  u  rate  of  circulation  is  concerned.  It  is  even  conceivable  that 
a  decreased  rate  <>f  .        :  mlit  lead,  by  materially  shortening  the  path,  to  a  decrease  in 

circulation  time  (or      I  -  i  i  lie  first  to  an  increase  of  the  second)  ;    but  tliese  paradoxical 

effects  could  only  i..  mi  in  ii  >  <|  rcial  cu-ciunstances.  It  is  here  to  be  remarked  that  probably 
in  auiicular  muscle,  re><|ion(liii^  at  a  high  rate,  change  in  conduction,  and  in  the  refractory  period 
never  oceur  a|iart  from  one  another.  Slow  conduction  appears  always  to  bo  associated  with 
lengtlienotl  ivfraetory  period  ;  at  all  events  this  is  so  so  far  as  the  variations  described  in  the 
present  article  are  concerned.  These  two  changes,  acting  in  concert,  but  in  opposite  directions, 
tend  to  neutralise  each  other  so  far  as  they  influence  the  length  of  path. 
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To  take  first  of  all  a  simple  example,  consider  the  action  of  the  vagus 
on  the  fibriUating  auricle.  Vagal  stimulation,  acting  upon  an  auricle  which 
is  beating  at  a  liigh  rate,  is  known  to  shorten  the  transmission  interval  and 
to  shorten  the  refractory  period. i"  These  changes  have  the  anticipated 
effect  upon  the  rate  of  the  auricular  oscillations  ;  vagal  stimulation  quickens 
them.ii-O  Atropine,  bj'  abohshing  vagal  tone,  leads  to  the  reverse 
changes.  It  has  been  shown  that,  in  the  auricle  beating  at  high  rates, 
atropinisation  impedes  conduction  and  increases  the  length  of  the  refractory 
periodi*^'  i^.  As  we  now  show  for  the  clinical  case  of  fibrillation,  atropine 
slo^vs  down  the  oscillations  ;  this  effect  is  at  once  comprehensible  if  the 
theory  of  circus  movement  is  accepted. 

Quiiiidine  has  a  double  action,  as  have  so  many  bodies  which  act  upon 
the  heart ;  it  has  a  direct  action  on  the  muscle  and  an  indirect  action  through 
the  vagus.  Its  direct  action,  by  lengthening  the  transmission  intervals  and 
the  refractory  period,  produces  slowing  of  the  auricular  oscillations.  Its 
paretic  or  paralytic  effect  on  the  vagus  acts  in  the  same  cUrections  ;  thus, 
the  indirect  action,  like  that  of  atroj^ine*,  tends  to  slow  the  oscillations. 
These  effects  of  vagus,  atropine  and  qiiinicUne  may  be  summed  up  in  tabular 
form  (Table  VI). 

TABLE   VI. 
Effect  of  vagus  and  of  certain  poisons  on  the  rate  of  aurioular  oscillations. 
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We  come  next  to  the  case  of  digitalis  ;  here  the  position  is  less  simple. 
Digitalis,  hke  quinidine,  has  a  double  action.  It  has  a  direct  action  on  the 
muscle  of  the  auricle,  whereby  the  transmission  intervals  and  refractory 
period  are  lengthened.  In  so  far,  therefore,  as  the  direct  action  is  concerned 
we  should  expect  to  find  slowing  of  the  oscillations  of  the  fibrillating  auricle. 
But  digitalis  also  exerts  an  indirect  action  ;  it  stimtilates  the  vagus,  and, 
stimulating  the  vagus,  shortens  both  the  transmission  interval  and  the 
refractory  period  ;     the  indirect  action  of  digitalis  will  tend,  therefore,  to 


'  Though  the  end  oSect  is  like  tliat  of  atropine,  the  last  drug  acts  on  the  i 
lino,  as  Dale'  has  recently  shown,  acts  more  centrally. 


ve  endings,  while 
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quicken  the  auricular  oscillations.  Unlike  the  action  of  quinidine,  the 
direct  and  indirect  actions  of  digitalis  are  opposed  ;  and  the  end  result 
depends  on  which  of  the  two  actions  predominates. 

As  has  been  seen,  the  usual  effect  of  digitaUs  upon  the  oscillations  in 
chnical  fibrillation  is  to  quicken  them.  We  see  no  way  of  explaining  this 
acceleration,  except  by  supposing  that  the  vagal  action  of  digitahs  pre- 
dominates. A  chief  obstacle  in  the  way  of  this  conclusion  has  been  Cuslmy's 
conclusion  that  digitalis  exerts  purely  a  direct  action  on  the  muscle.  Largely 
for  this  reason  we  have  revised  the  observations  upon  the  ventricle,  and  have 
since  been  able  to  conclude  that  a  vagal  action  is  in  part  responsible  for 
ventricular  slowing  under  digitahs.  The  objection  to  our  belief  that  the 
auricular  oscillations  are  quickened  by  a  vagal  action  of  digitalis  is,  there 
fore,  largely,  if  not  wholly,  removed. 

In  the  case  of  the  ventricle,  the  direct  and  indirect  actions  of  digitaUs 
both  tend  to  slow  the  ventricle  ;  consequently-  it  is  difficult  to  state,  in  any 
given  case,  which  action  predominates.  In  the  case  of  the  auricle  the  cUrect  and 
indirect  actions  are  opposed  to  each  other,  and  the  predominant  action  is 
therefore  displayed.  If  our  view  is  correct,  then  quickening  of  the  auricle 
is  the  rule  because  the  vagal  action  of  the  drug  as  a  rule  predominates.  There 
are  cases  in  which  acceleration  is  not  seen,  and  in  these  cases  we  presume  that 
the  opposed  actions  balance.  Futiu-e  observations  may  show  that  in  a  third 
group  digitahs  slows  the  auricle,  the  direct  action  jjredominating.  The  fact 
that  quickening  is  not  invariable  in  itself  supports  our  view  that  opposed 
actions  are  in  play. 

It  is,  of  course,  conceivable  that  the  vagal  action  of  digitahs  is  miequally 
exerted  upon  the  auricle  and  upon  the  tissues  wliich  control  the  rate  of  the 
beating  ventricle  ;  but  there  is  httle  evidence  that  this  is  so.  If  there  were 
no  such  differential  action,  then  it  would  be  anticipated  that  in  the  patients 
in  whom  the  ventricle,  submitted  to  the  atropine  test,  affords  the  clearest 
e\"idence  of  vagal  slowing  imder  digitahs,  digitahs  should  give  the  greatest 
acceleration  of  the  auricle  ;  in  such  a  patient  also,  atropine  given  while  the 
heart  is  under  digitahs  should  produce  its  most  conspicuous  slowing  of  the 
auricle.  A  comparison  of  Figs.  13  and  14  suggests  that  such  relations  exist. 
In  Fig.  13  we  are  deahng  Tsith  the  patient  in  whom  atropine  raised  the  rate 
of  the  digitahsed  ventricle  to  205  beats  per  minute  ;  digitahs  raised  the 
auricular  rate  in  this  patient  bj-  00  beats  per  minute,  and  atropine  gave  an 
exceptionally  large  fall  of  rate.  In  the  second  patient,  as  Fig.  14  shows, 
the  ventricle,  when  tested  with  atropine,  gave  httle  evidence  that  the  vagus 
was  stimulated  by  digitahs.  Here  the  rise  of  auricular  rate  on  digitahs  was 
but  shght  and  atropine  exercised  httle  influence  on  the  auricle.  The  remaining 
illustrations  wluch  are  intermechate  display  these  relations  less  clearh*, 
however,  and  exceptions  in  detail  are  found  in  them.*    Considering  aU  these 

licipated  in  composite  charts 
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charts  together,  they  favour  the  views  which  we  have  expressed,  aud,  in  so 
far  as  they  affect  our  main  conclusion,  namely,  that  digitalis  raises  the  rate 
of  the  auricular  oscillations  by  a  predominant  action  through  the  vagi,  seem 
to  us  to  confirm  it.  Such  being  our  conclusion,  we  apply  it  also  in  explaining 
the  now  well  known  power  of  digitaUs  to  convert  cUnical  flutter  of  the  aiuicle 
into  fibrillation  of  the  auricle.  Tliis  action  of  the  drug  is  evidently  of  a  similar 
kind  to  that  wliich  we  here  discuss  and  seems  attributable  to  an  increase  of 
vagal  tone. 

In  a  recent  case  of  flutter  we  have  attempted  to  alter  the  auricular  rate 
by  compressing  the  vagus  in  the  neck  ;  in  the  records,  and  in  those  pre^'iously 
published  by  Rihl.i^  Lewis*  and  Ritchie, i*  no  change  of  auricular  rate  is  to 
be  detected.  It  is  probable  that  the  stimulus  is  insufficiently  powerful  to 
produce  the  change.  The  rate  of  the  auricular  movement  in  experimental 
flutter  is  alwaj's  raised  by  vagal  stimulation.  Levine  and  Frothingham® 
have  recorded  a  sUght  change  in  the  rate  of  the  fluttering  auricle  as  a  result 
of  forced  breathing,  and  it  is  noteworthy  that  the  increase  of  rate  accompanied 
expiration,  during  which  phase  of  respiration  vagal  tone  increases. 


Interrelations  of  Attrictjlab  and  VENTRicrrLAB  Rate. 

It  is  the  rule  that  the  rates  of  the  fibrUlating  auricle,  and  of  the  ventricle 
which  responds  to  it,  move  in  opposite  directions,  in  response  to  the  various 
influences  wliich  are  brought  to  bear  on  tlie  heart,  and  which  are  discussed 
in  this  paper.  Thus  vagal  stimulation  quickens  the  auricle  and  slows  the 
ventricle,  atropine  and  quinidine  slow  the  auricle  and  quicken  the  ventricle  ; 
digitalis  slows  the  ventricle  and  quickens  the  auricle.  That  this  rule  may 
not  prove  to  be  invariable  is  suggested  by  patients  in  whom  the  ventricle  is 
slowed  by  digitaUs,  wliile  the  auricular  rate  is  unaltered.  The  meaning  of 
these  divergent  reactions  of  the  two  chambers  is  to  be  sought  in  each  instance 
by  detailed  consideration  of  the  factors  underlying  the  several  movements  ; 
but  this  divergence  is  sufficiently  constant  to  suggest  that  tlie  one  movement 
may  be  dependent  upon  the  other. 


Ventricular  acceleration  under  quinidine. 

The  meaning  of  the  ventricular  acceleration  produced  by  quinidine  in 
fibrillation  of  the  aiu-icle  has  been  discussed  in  a  previous  article  from  the 
experimental  standpoint,  and  it  has  been  pointed  out  that  two  factors  are 
probably  concerned  in  producing  acceleration.!'  The  first  of  these  is  the 
profound  slowing  of  the  auricle,  the  second  is  paresis  of  the  vagi.  As  lias 
been  stated,  the  part  played  by  these  two  factors  in  clinical  fibrillation  cannot 
be  judged  by  the  results  of  experiment,  but  must  be  decided  by  cUnical 
tests. 


DRUG    ACTIONS     IN     AVRICULAB     FIBRILLATION. 


243 


That  the  lowering  of  rate  plays  a  part  is  unequivocally  shown  in  some 
cases  when  the  auricular  rate  falls  to  200  beats  per  minute. 

Thus  in  one  patient  and  on  several  occasions  when  the  auricular  rate 
fell  to  about  200  per  minute,  and  was  maintained  at  or  about  this  level,  the 
patient  complained  from  time  to  time  of  sudden  attacks  of  distressing 
palpitation,  and  the  ventricular  rate  was  found  to  be  at  or  about  200  per 
minute.  In  serial  records  taken  over  the  period  of  one  such  attack,  the 
readings  of  Table  VII  {Case  24)  were  shown.  The  auricles  were  in  a  state 
of  almost,  if  not  quite,  piu-e  flutter,  and  when  the  auricular  rate  fell  from 
210  to  200  per  minute,  the  ventricular  rate  rose  abruptlj'  from  105  to  200  per 
minute.  The  abrupt  rise  of  ventricular  rate  was  clearly  the  result  of  decreased 
block,  consequent  on  the  fall  of  auricular  rate.  In  Case  1  of  the  same  table, 
a  mixed  response  gives  place  to  pure  2  :  I  response,  with  a  consequent  rise 


TABLE  VII. 

Ventricular  response  as  auricular  rate  falls  m^der  quinidine. 
(Extracted /mm  protocols  of  Cases  1  and  24.) 


Case  I. 

Case  24. 

Auricular 
rate. 

Ventricular 
rate. 

Auricular 
rate. 

Ventricular 
rate. 

259 

68 

222 

Ill 

2.54 

63-5 

225 

112-5 

250 

72 

214 

107 

234 

93 

210 

105 

224 

112 

200 

200 

222 

111 

202 

202 

218 

109 

21S 

109 

218 

109 

220 

110 

226 

113 

222 

111 

of  ventricular  rate  when  the  auricular  rate  falls  to  224.  The  part  played 
in  the  earUer  phases  of  the  auricular  slo^^ing  is  more  difficult  to  estimate, 
though,  no  doubt,  it  exists  in  greater  or  lesser  degree. 

To  estimate  the  extent  to  which  vagal  paresis  contributes  to  the  rise  of 
ventricular  rate  we  have  given  injections  of  atropine  at  the  height  of  the 
quinidine  reaction  in  four  patients. 

In  two  of  these  patients  control  curves  of  quinidine  alone  were  also 
taken  ;  the  charts  are  illustrated  by  Fig.  IS.  Under  quinidine  alone  the 
ventricular  rate  rose  from  78  to  120.  Under  the  second  dose  of  quinidine,  the 
rate  had  risen  from  78  to  114,  when  1/50  of  a  grain  of  atropine  was  given 
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intravenously.  The  ventricular  rate  rose  abruptly  to  190.  In  the  second 
patient  {Case  9)  the  ventricular  rate  rose  on  0-6  of  a  gramme  of  quinidine 
alone  from  85  to  136  ;  on  the  second  dose  of  quinidine,  given  a  week  later, 
it  had  risen  from  85  to  123,  when  1/50  of  a  grain  of  atropine,  given  intra- 
venously, raised  the  rate  to  188.  In  this  patient,  as  opposed  to  the  first, 
the  auricular  rate  fell  a  little  in  response  to  the  atropine  injection.  Thus  it 
is  clear  that  a  single  dose  of  0-6  of  a  gramme  of  quinidine  does  not  produce 
anything  approaching  paralysis  of  the  vagi. 
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Fig.  17.     Case.  14.    A  similar  chart  to  the  last. 

free,  and  received  1/50  of  a  grain  of  atropine  sulphate  hypiul. 
intravenously.  On  February  the  10th  he  had  taken  S  dniclin 
days,  and  received  similar  doses  of  atropine  to  those  proviou-^l; 


lly  und  1':J3  of  a'^grair 
iiict\ire  of  digitalis  in  ' 


In  our  experience,  a  single  dose  of  1/20  of  a  grain  of  atropine  almost 
always  produces  a  greater  acceleration  of  the  ventricle  than  does  quinidine 
in  single  doses  of  0-6  or  0-8  of  a  gramme,  or  than  quinidine  given  in  repeated 
therapeutic  doses  ;  and  this  happens  despite  the  much  greater  lowering  of 
auricular  rate  wliich  occurs  under  quinidine  ;  the  only  exceptions  to  this  rule 
which  we  have  seen  are  instances  where  the  auricle  passes  into  flutter  on 
quinidine  and  a  1  :  1  rhythm  becomes  estabUshed  (as  in  Case  24  of  Table  VII). 

In  two  further  patients  in  addition  to  the  quinidine  curves  and  the 
combined  quinidine  and  atropine  curve,  we  have  recorded  also  the  curve 
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for  atropine  alone.  Fig.  19,  which  is  illustrative,  show.s  the  same  points  as 
does  Fig.  18.  Atropine  given  at  the  height  of  the  qninidine  reaction  produces 
a  conspicuous  further  rise  of  ventricular  rate.*  Atropine  given  alone  yields 
a  larger  and  higher  rise  than  does  quinidine,  but  a  smaller  rise  than  dose 
quinidine  and  atropine  combined.  The  second  patient  (Case  23)  gave  similar 
reactions  to  these  here  used  as  an  illustration. 


Fig.  18.  Case  10.  A  clmrt  sliowing  two  curves,  each  resulting  from  a  single  t«st  dose  of  0-6  of 
a  gramme  of  quinidine.  On  December  the  9tli  (black  circles),  quinidine  only  was  given. 
On  December  the  loth,  an  intravenous  injection  of  1  50  of  a  grain  of  atropine  was  adminis- 
tered at  the  height  of  the  quinidine  reaction. 

As  a  whole  these  comparisons  and  the  evidence  previously  given  seem  to 
demonstrate  that  the  rise  of  ventricular  rate  is  in  fact  due  to  a  combination 
of  the  two  causes  indicated  by  previous  experiments  on  animals. 

*  In  this  chart,  the  two  doses  of  quinidine  have  not  given  very  equal  results  ;   the  rise  on 
atropme  may  be  judged,  however,  from  the  curie  of  February  15th,  alone. 
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An  unexpected  feature  of  the  curves  has  been  the  failure  of  the  auricle 
to  respond  to  atropine  by  slo\ving.  while  the  heart  is  deeply  influenced  by 
quinidine.  With  one  possible  and  slight  exception  no  change  of  rate,  which 
could  not  be  ascribed  to  natural  fluctuation  of  the  curve,  has  been  seen  in 
any  of  the  four  cases.  Unless  quinidine  has  a  greater  effect  on  that  part 
of  the  vagal  apparatus  which  supplies  the  auricle  than  upon  that  which 
supplies  the  junctional  tissues  we  are  unable  to  account  for  the  failure  of  the 


Fig  19.  Case  22.  A  similar  chart  to  the  last.  t..  uhirli  lia<  1  i-pn  added  an  atropine  control  curve. 
On  February  the  2nd  (dark  circles  and  bi,.k.u  l.n.i  ,v  <lo3o  of  0-6  of  a  gramme  of  qumidmo 
was  given.  "On  February  the  15th  (clear  r,,,  l,<i  a  sumlar  dose  of  quinidme  was  followed 
by  an  intravenous  injection  of  1/20  of  a  gi.uu  ol  utroi.iuo.  On  February  the  8th,  an  intra- 
venous dose  of  1/20  of  a  grain  of  atropine  was  given  anil  nothing  else. 


usual  reaction.  It  had  been  hoped  that  atropine  would  exaggerate  the  reaction 
of  the  auricle  to  quinidine,  and  might  prove  of  value  therapeutically  ;  in 
so  far  as  we  have  investigated  the  combined  reaction,  we  have  seen  no 
evidence  that  this  is  to  be  expected. 
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A-V  block  produced  by  qiiiiiidine.  Experimental  work  Las  shown  that 
quinidine,  given  in  doses  equivalent  to  those  used  'clinically,  produces  a 
certain  measure  of  A-V  block.  Such  block,  if  it  occured  chnically,  would 
in  some  measure  check  the  rise  of  ventricular  rate  for  which  quinidine  is 
otherA\ise  responsible.  That  the  degree  of  block  so  produced  is  not  consider- 
able, is  shown  by  those  cases  in  which  the  auricular  rate  falls  to  a  relatively 

TABLE  VIII. 


•  P-R  "  interval 
I>iUf.  at  restoration, 

and  later. 


Probable  Total 

iluratiou  quinidine 

of  A.F.  dosage. 


Casel 

24/8/21* 
8/9/21 

019 

oie 

Semi  inverted 
Upright 

18  months 

2-4  grammes  in 
2  days. 

Case  10 

16/12/21* 
17/12/21 

0-21 
019 

Inverted,  slight 
Upright,  prominent 

11  months 

2  -2  grammes  in 
2  days. 

s-t 

22/7/21* 
23/8/21 

017 
01(5 

Deeply  inverted 
Upright,  slight 

4  years 

2  0  grammes  in 
2  days. 

No.t 

28/7/21* 
2/8/21 

018 
017 

Upright,  slight 
More  upright 

4  years 

6-6  grammes  in 
4  days. 

29/8/21 

016 

Upright,  prominent 

A.t 

11/8/21* 

15/8/21 

0-22 
0-19 

Upright,  slight 
Upright,  prominent 

15  months 

4-4  grammes  in 
4  days. 

19/9/21 

018 

Upright,  prominent 

W.f 

17/8/21* 
25/8/21 

0-20 
017 

Upright,  slight 
Upright,  prominent 

2  months 

2-8  grammes  in 
3  days. 

H. 

27/8/21* 
19;9/21 

0-23 

018 

Upright,  sliglU 
Upright,  slight 

3i  years 

2-8  gramn.es  in 
2  days. 

*  Date  on  whioh  normal  rhythm  became  restored. 

t  Cases  VIII,  X,  XI  and  XII  resijectively  of  Drury  and   Iliescu  (Brit.   Med.   Journ.,    1921 
n,  511). 


low  level  and  a  1  :  1  response  of  the  ventricle  is  developed.  But  that  a  shght 
grade  of  A-V  block  does  develop  chnically  is  clearly  evidenced  in  cases  in 
which  the  normal  rhj-thm  is  restored.  Immediately  after  the  normal  rhythm 
is  resumed  the  PR  intervals,  estimated  in  curves  from  lead  //,  are  usually 
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somewhat  longer  than  are  the  intervals  in  the  same  curves  a  day  or  so  later. 
This  recover^'  of  natural  conduction  in  patients  is  displayed  in  Table  VIII. 

This  factor  of  A-V  block,  in  some  measure  disturbs  our  estimates  of  the 
individual  parts  played  by  vagal  paresis  and  lowered  auricular  rate  in 
producing  the  ventricular  acceleration  of  quinidine  poisoning  ;  the  block 
is  due  to  a  direct  action  on  the  muscle.  The  rise  produced  by  atropine  alone 
(Fig.  19)  may  fully  represent  the  release  of  vagal  tone  ;  but  the  rise  under 
quinidine  only  and  the  combined  rise  under  quinidine  and  atrojiine  do  not 
represent  the  full  effect  of  lowered  auricular  rate  and  a  partial  or  complete 
release  of  vagal  tone.  For  in  both  these  instances  the  rise  of  rate  is  counter- 
acted by  the  direct  action  of  quinidine  on  the  junctional  tissues. 

Ventricular  sloiving  under  digitalis.  In  discussing  the  nature  of  the 
ventricular  slowing  which  is  produced  by  chgitaUs,  it  is  usual  to  assume 
that  the  action  of  the  auricle  is  unaltered  by  digitalis,  and  that  the  fall  of 
ventricular  rate  is  due  purely  to  an  effect  on  the  junctional  tissues.  Now 
tills  is  not  true,  strictly  speaking,  for  digitahs  as  a  rule  quickens  the  beating 
of  the  auricle,  and  this  quickening  of  the  auricle  may  in  itseK  tend  to  slow 
the  action  of  the  ventricle.  The  rise  of  auricular  rate  being  relatively  small 
and  occurring  at  verj'  high  rates  of  auricular  beating  probably  does  not 
influence  the  ventricular  rate  materially.  In  experiments  on  dogs  in  which 
the  auricles  are  faradised  and  the  auricular  and  ventricular  rates  are  recorded, 
conspicuous  variations  are  often  witnessed  in  the  auricular  rate  without 
there  being  corresponding  changes  in  ventricular  rate.  In  our  experience 
it  is  only  when  the  auricular  rate  falls  in  the  dog  to  levels  of  350  or  less,  per 
minute,  that  the  divergent  movement  of  rates  begins  to  be  manifest.  The 
protocols  of  the  experiments  recorded  in  the  next  paragraj^h  sufficiently 
illustrate  this  statement.  It  is  probable  that  the  rise  of  auricular  rate,  when 
digitahs  is  given  in  clinical  fibrillation,  has  little  influence  on  the  reaction 
of  the  ventricle. 

Further   observations   relevant   to   the   reaction   of  the   ventricle   in   auricular 
fibrillation  to  digitalis  and  atropine. 

In  a  series  of  experiments  upon  dogs,  previously  reported,'-  we  were 
unable  to  obtain  any  evidence  of  heart-block  on  injecting  sti'ophantliin, 
other  than  that  due  to  a  direct  action  on  the  muscle  of  the  heart.  In  sub- 
sequent experiments  we  were  inclined  to  attribute  the  lack  of  vagal  effect 
to  our  anaesthetic.  The  following  experiments  were  performed  primarily 
with  the  idea  that  by  varjdng  the  anaesthetic,  an  increase  of  vagal  tone 
might  be  obtained  with  strophanthin,  and  also  with  the  idea  of  obtaining 
a  reaction  of  the  fibrillation  auricle  to  strophanthin,  similar  to  that  which 
we  observed  when  digitahs  was  given  clinically,  namely  acceleration.  In 
neither  of  these  objects  were  we  successful  ;  but  the  results  of  the  experi- 
ments are  relevant  to  several  questions  previously  discussed  in  this  article. 
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As,  ill  the  previous  series,  crvbtalline  gr-strophanthin  in  small  doses  was 
employed.  Three  of  our  experiments  are  utilised.  In  two  of  these  both  the 
auricular  and  ventricular  rates  were  recorded  galvanometrically  ;  leading 
direct  from  the  auricle  for  the  former,  and  from  the  Umbs  for  the  latter.    In 


D 

oj  O  a  (kilo  131). 

Dog  0  D  (kilo  81). 

AiKZithetised    with    morphine,   paralde- 

AncBSthetised  with  paraldehyde  and  ether, 

hyde  and  ether. 

the  latter  in  small  quantities. 

Aur.                      Ventr. 

Aur.                     ^'entr. 

Timo. 

rate.                      i-ate. 

Time. 

rjvte.                      rate. 

12.17 

515         1               288 

11.46 

539 

264 

12.17i 

456                      292* 

11.48 

564 

282* 

12.26 

511 

286 

11.53i 

685 

279 

.    12.34  J 

404 

196 

11.55 

585 

265 

12.36 

425 

252 

12.03 

632 

275 

12.41i 

494      . 

292 

12.03J 

5S7 

267 

12.45 

013  mg 

.  strophanthin 

12.11 

382 

295 

12.51 

327 

294 

12.14i 

527 

262 

12.o8 

360 

254 

12.24 

691 

?69 

1.('8 

331 

269 

12.30 

900 

234 

1.14 

312 

312 

12.36 

484 

245 

1.22 

318 

297 

12.42 

667 

266 

1.32i 

276                        276 

12.47i 

0  065  mg. 

strophanthin 

1.45 

400                        250 

12.52 

484 

234 

2.(12 

424                        268 

12.55 

492 

244 

2.16 

420                          272 

l.Oli 

468 

234 

2.31 

416                          272 

1.11 

475 

237 

2.45 

413 

1.22 

495 

245 

2.47 

0-13  mgi.  strojihanthin 

1.30 

0  065  mg. 

strophantliin 

2.52 

403          j                227 

1.38 

472 

240 

2.57 

358          1                234 

1.40 

500 

248 

2.58 

372                          261 

1.48 

454 

246 

3.11 

414                          278 

1.58 

458 

234 

3.22 

357                        238 

2.03 

0  065  mg. 

strophanthin 

3.37 

417         1               276 

2.11 

452 

226 

3.40 

0-65  mg 

.  atropine 

2.19 

452 

228 

3.42 

359 

222 

2.19i 

465 

233 

3.45 

306 

228 

2.21 

0  065  mg. 

strophanthin 

2.27 
2.41 

403 
392 

218 

219 

*  Italic  = 

after-effects  consisting  of  fib- 

2.50i 

394 

210 

rillatiou. 

Tlie  italicised  readings  slioiild 

3.01 

387 

192 

be  compart 

d   with   tliemselves,  and   not 

3.03 

0  065  mg. 

atrophine 

with  the  un 

itahcised  readings. 

3.08 

241 

241 

3.16 

282 

222 

*  Italics 

=  after-effects    consisting    of 

impure  flut 

ter. 

the  third  experiment,  in  which  ether  was  the  only  anaesthetic,  the  chest  was 
left  unoijened  and  the  ventricular  rates  were  alone  obtained.  In  aU  three 
experiments  the  auricle  was  stimulated  faradically,  and  the  rates  were 
studied  (1)  while  the  auricle  responded  to  this  current  and  (2)  wherever  possible 
during    continued   after-effects    of   stimulation.      The    rates   in   the   second 
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circumstance  were  particularly  desired,  because  the  after-effect  is  alone 
comparable  to  the  cUnical  condition.*  These  after-effects  are  not  always 
to  be  obtained,  however  ;  especially  is  this  the  case  after  strophanthin  has 
been  injected  in  the  circumstances  of  our  experiments. 

Inter-relation  of  auricular  and  ventricular  rates.  During  faradisation 
the  rate  of  auricular  beating,  at  a  point  as  far  removed  as  possible  from  the 
point  stimulated   (i.e.,  the  auricular  appendix ),-j-  varies  a  good  deal    from 


Dog  0  F     (kilo  lG-2). 

A, 

cesthetised  with  ether.      Thora.K  unopened. 

Time. 

Ventricular  rates. 

During 

Normal 

Under 

rhythm. 

stimulation. 

after-effects. 

11.42 

255 

11.49 

169 

240 

264 

11.55 

— 

247 

12.03 

193 

278 

— 

12.04  J 

— 

— 

286 

12.1U 

195 

269 

253 

12.15 

0-13    mg. 

strophanthin 

12.20 

185 

268 

260 

12.29 

110 

276 

254 

12.34 

192 

290 

278 

12.38 

013    mg. 

strophanthin 

12.45i 

169 

242 

— 

12.56 

181 

269 

— 

1.04 

194 

290 

322 

1.09 

218 

294 

308 

1.13 

0-13    mg. 

strophanthin 

1.19i 

193 

284 

286 

1.24  J 

191 

261 

256 

1.28" 

202 

274 

265 

1.34 

0-25    mg. 

strophanthin 

1.4U 

172 

222 

— 

1.47 

240 

236 

— 

1.52 

— 

— 

230 

1.57 

0-65   mg. 

atropine 

1.59 

150 

moment  to  moment.  As  in  the  early  readings  of  the  one  experiment 
[Dog  0  D),  there  may  be  a  tendency  for  the  ventricular  rate  to  fall  when  the 
auricular  rate  rises,  but  tills  opposite  movement  of  the  ventricular  rate 
is  neither  conspicuous  nor  constant,  when  the  auricular  rate  is  very  liigh. 
But  if  the  auricular  rate  is  lowered,  and  falls  very  much  (as  in  Dog  0  C  to 


*  In  many  past  writings  on  fibrillation  of  the  auricle,  it  has  teen  assumed  that  the  disorder 
of  the  auricle,  occurring  while  this  chamber  is  being  faradised,  is  equivalent  to  the  chnical 
condition.  That  is  not  the  case  for,  while  under  stimulation,  the  muscle  actually  stimulated  is 
in  a  state  of  rapid  re -excitation  and  the  rest  of  the  auricle  responds  to  this.' 

t  In  the  third  experiment ,  in  which  the  thorax  was  unopened,  we  stimvJated  the  moutli  of  the 
superior  cava  by  means  of  electrodes  introdxiced  through  the  superior  cava.  This  experiment 
was  intended  to  ascertain  if  an  increased  vagal  tone  under  strophanthin  is  prevented  by  the 
opening  of  thorax  and  pericardium. 
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312  per  minute),  the  ventricle  may  assume  the  full  auricular  rate  and  the  lift 
may  then  be  conspicuous. 

Reaction  of  the  auricle  to  strophanthin.  It  was  hoped  that  a  reaction 
similar  to  that  of  the  fibrillating  auricle  to  digitaUs  wliich  is  seen  cUnically, 
might  be  obtained,  and  that  it  might  be  further  investigated.  Such  a 
reaction  was  not  obtained  ;  on  the  contrary,  the  strophanthin  injections 
reduced  the  rate  of  the  auricle  (both  wliile  it  was  responding  to  the  faradic 
current,  and  in  the  after-effects  when  these  were  seen)  and  tended  to  aboHsh 
after-effects.  These  effects  are  ascribed  to  the  direct  action  of  strophanthin 
in  our  experiments,  by  which  it  lengthens  the  refractory  period^^  of  the 
muscle.* 

Reaction  of  the  ventricle  to  strophanthin.  \Yith  few  exceptions  a  slo^\•ing 
of  the  ventricle  was  seen  after  the  injection  of  strophanthin.  This  slowing 
appears  to  have  been  due  purely  to  a  direct  action  of  the  drug,  as  in  our 
previously  recorded  experiments.  The  degree  of  slowing  was  definite,  but 
not  conspicuous  ;  it  is  more  noteworthy,  however,  because  it  was  obtained 
with  very  small  doses  of  strophantliin  (l/8th  or  1  '16th  of  a  milligram),  and 
because  it  occurred  despite  a  simultaneous  decrease  of  auricular  rate.f 

Reaction  to  atropine.  When  the  heart  is  under  the  influence  of 
strophanthin  in  the  circumstances  of  oiu-  experiments,  and  atropine  is 
injected,  the  auricular  rate  falls  and  may  fall  conspicuously.  This  reaction 
in  these  experiments  is  in  accord  M-ith  past  observations,  and  is  ascribed  to 
lengthening  of  the  refractory  period  in  the  auricular  muscle.  The  ventricular 
rate  also  falls  {Dog  0  C  and  0  F  illustrate  this  fact)  unless  the  simultaneous 
fall  of  auricular  rate  procures  a  1  :  I  response  of  the  ventricle  (as  in  Dog  0  D). 
The  fall  of  ventricular  rate  here  observed  finds  its  counterpart  in  our  previous 
observations  upon  atropine,  in  which  the  auricle  ^^"as  beating  rapidly  in 
response  to  rhythmic  shocks. i-  Xo  doubt  the  reaction  described  is  associated 
in  some  way  with  the  weak  vagal  tone  prevaiUng  in  our  experiments  ;  it 
belongs  to  the  series  of  paradoxical  reactions  to  vagal  stimulation  which  we 
have  already  placed  on  record. i- 

The  lowering  of  ventricular  rate  by  atropine  in  the  dog's  heart  under 
strophanthin  is  more  noteworthy  in  that  it  maj'  occur  despite  a  simultaneous 
lowering  of  auricular  rate.| 

*  The  reverse,  and  clinically  predominant,  vagal  effects  being  absent. 

t  Tlie  tendency  of  which  is  to  increase  the  ventricular  rate. 

X  Tlie  latter  tending  to  raise  ventricular  rate.  Tlie  question  naturally  arises  as  to  whether 
or  not  a  similar  factor  sometimes  comes  into  play  when  atropine  is  given  in  clinical  cases  of 
fibrillation  under  the  influeuce  of  digitalis.  If  it  does  do  so,  then  the  rise  of  ventricular  rate 
under  the  atropine  test,  discussed  in  an  earlier  part  of  this  paper,  could  not  be  regarded  as  the 
full  measure  of  vagal  tone  then  prevailing.  It  seems  to  us  improbable,  however,  that  any 
material  fallacy  can  arise  froni  this  source  ;  we  should  be  more  inclined  to  suspect  such  fallacy 
if  atropine  injections  sometimes  produced  an  actual  fall  of  ventricle  rate  when  given  in  clinical 
cases  of  fibrillation  under  digitalis. 
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ObSEKVATIONS    RELATI^*G    TO    THE    DIFFERENCE   IN    THE    NATURE    OF 

Flvtter  and  Fibrillation. 

When  pure  flutter  and  fibrillation  are  examined  either  clinically  or  in 
experiment,  the  outstanding  differences  between  these  two  disorders  are  the 
greater  rate  at  which  the  auricle  beats  and  the  imevenness  and  variation  of 
conduction  in  the  latter.  According  to  our  views,  the  first  observed  difference, 
namely,  the  higher  rate  of  beating  in  fibrillation  is  due  to  the  circus  movement 
being  completed  more  rapidly.  The  short  circulation  time  in  fibrillation  is 
attributable,  according  to  the  theory  we  support,  either  to  more  rapid 
conduction  or  to  a  shorter  path. 

It  is  very  difficult  to  assume  more  rapid  conduction  as  the  explanation, 
for  the  faster  the  auricle  beats  the  slower  it  conducts  ;  so,  if  we  are  to  suppose 
that  the  wave  is  propagated  at  different  speeds  in  fibrillation  and  flutter,  it 
would  be  necessary  to  suppose  that  the  speed  is  greater  in  flutter.  This 
argument  would  lose  force  if  we  dealt  simply  \Wth  fibrillation  in  one  patient 
and  with  flutter  in  another  ;  in  these  circumstances  the  properties  of  the 
auricular  tissues  in  the  two  cases  might  dictate  the  mechanism.  It  happens 
that  both  pure  flutter  and  fibrillation  can  occur  as  stable  mechanisms  in  one 
and  the  same  case  at  different  times,  and  under  external  conditions  which 
appear  to  be  identical.  Thus,  long  continued  flutter  is  sometimes  converted 
into  fibrillation  by  digitalis,  and  this  fibrillation  may  continue  long  after 
the  influence  of  digitalis  has  been  withdrawn.  Moreover,  old  standing 
fibrillation  may  sometimes  be  converted  to  pure  flutter  by  means  of  quinidine, 
and  this  flutter  is  continued  long  after  the  effects  of  quinidine  have  vanished 
(Protocols  of  Cases  1,  24  and  25).  It  would  be  unreasonable  to  assume  that 
these  drugs  permanently  alter  the  rate  of  conduction  in  the  auricle.  A 
second  and  strong  argument  against  faster  conduction  in  fibrillation  is  the 
irregularitj'  of  conduction  in  this  condition  ;  for  this  irregularity  of 
conduction  is  shown  by  experiment  to  consort  ^vith  conduction  heavily 
strained.  It  may  be  assumed  safely,  therefore,  that  conduction  is  if 
anything  slower  in  fibrillation  than  it  is  in  flutter.  Since  such  a  difference 
would  account  for  a  slower,  but  could  not  account  for  a  faster  rate  of 
beating  in  fibrillation,  we  are  forced  to  the  only  alternative  conclusion, 
namely,  that  in  fibrillation  the  path  is  shorter. 

A  shorter  path  in  fibrillation  might  be  attributed  to  a  short  refractory 
period.*  This  view  of  the  refractory  period  is  held  by  Rothberger  and 
AYinterberg,20  and  is  consistent  with  the  relation  between  refractory  period 
and  rate  of  beating,  the  former  becoming  shorter  as  the  rate  rises.  We  think 
it  probable  that  the  refractory  period  is  shorter  in  fibrillation  than  in  flutter, 
but  this  distinction  would  not  by  itself  explain  irregular  conduction  in 
fibrillation. 

*  It  migiit  also  be  attributed  to  slower  conduction,  but  a  shorter  path,  consequent  upon 
slower  conduction,  would  not  explain  a  shorter.ed  circulation  time. 


I 
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In  fibrillation  the  path  maj'  be  shorter  than  in  flutter  for  another 
reason  ;  the  gap  between  the  crest  and  wake  of  the  circulating  wave  may  be 
shorter  in  fibrillation.  Tliis  is  our  present  view  of  the  essential  distinction 
between  the  two  disorders,  and  we  arrive  at  this  conclusion  because,  assuming 
a  short  gap  in  fibrillation,  we  should  at  once  explain  why  conduction  is 
irregular  and  varjang  ;  the  tissue  into  which  the  wave  enters  has  little 
chance  of  recovery  beforehand.  Assume  the  presence  of  an  appreciable  gap 
in  pure  flutter,  and  there  would  be  an  appreciable  time  for  recovery  and  the 
power  of  the  tissue  to  conduct  would  improve  and  become  more  uniform. 
A  longer  gap  in  flutter,  other  factors  being  unchanged,  would  mean  a  longer 
path  and  a  slower  circulation  time  ;  thus  its  assumption  would  explain  those 
characteristics  of  flutter  wliich  distinguish  it  from  fibriUation.  Accept  this 
view  as  a  working  hypothesis  and  it  follows  that  the  path  followed  by  the 
wave  in  flutter  is  a  path  which  it  is  compelled  to  travel ;  it  remains  to  explain 
why  tlie  crest  of  the  wave  is  unable  to  make  a  short  cut  and  thus  to  approach 
more  closely  to  its  own  wake.  To  picture  our  conception  in  more  detail 
imagine  a  circus  movement  around  the  mouths  of  the  superior  and  inferior 
vena  cava.  Such  a  circulating  wave  may  be  stable  even  though  an  appre- 
ciable gap  exists.  The  short  path  between  the  cavae  cannot  be  travelled 
because,  when  the  crest  of  the  wave  arrives  opposite  this  bridge,  it  ^iU 
always  find  the  muscle  on  the  far  side  of  this  bridge  refractory.  Suppose 
that;  -when  such  are  the  conditions,  the  refractory  period  of  the  muscle  is 
shortened  by  such  interference  as  vagal  stimulation.  The  gap  may  now 
^•iden  so  far  as  to  leave  the  bridge  clear,  the  short  cut  vnW.  be  taken 
and  the  wave  will  now  circulate,  with  a  much  shortened  gap,  around  one  or 
other  cava.  Consequent  on  this  change  the  circulation  time  ^^-ill  decrease* 
and,  in  response,  the  refractory  period  ■n^ll  shorten  a  little  more  ;  thus  the 
new  mechanism  will  tend  to  become  stabihsed  even  though  the  original 
influence,  M-hich  shortens  the  refractory  period,  j^asses  away.  In  the  new 
mechanism,  the  gap  will  be  shorter,  and  conduction  will  be  more  irregular 
and  a  little  slower.  In  this  way  we  would  explain  the  change  from  stable 
flutter  to  stable  fibriUation.  Follow  the  process  in  the  reverse  direction 
and  the  change  from  stable  fibrillation  to  stable  flutter  is  explained. 

Now  the  last  change  occurs  in  some  cases  of  fibrillation  treated  mth 
quinidine,  and  here  the  steps  may  be  followed  in  some  detail.  When 
quinidine  is  given  to  cases  of  fibrillation,  a  state  of  impure  flutter  is  always 
developed  as  the  auricle  slows  down  ;  withdraw  the  quinidine  at  this  stage 
and  the  auricle  speedily  reverts  to  its  original  condition  of  fibrillation.  In 
perhaps  one  ca.se  in  ten  or  more,  when  the  rate  falls  to  about  200  per  minute, 
there  is  a  new  and  seemingly  abrupt  change  ;  pure  flutter  develops.  The 
significance  of  this  change  has  not  as  yet  been  appreciated  ;  for  if  the 
quinidine  is  now  withdrawn,  the  mechanism  does  not  revert,  but  pure  flutter 
persists  (Protocols  of  Cases  1,  24  and  25).     The  mechanism  is  recognised  as 

*  The  change  being  relatively  abrupt. 
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pure  flutter  becaui^e  the  auricular  complexes  have  become  quite  regular 
and  because  the  responses  of  the  ventricle  to  individual  auricular  beats  are 
now  manifest. 

It  is  known  that  the  auricle  of  such  a  patient  wliile  under  quinidine  has 
an  increased  refractory  period  and  increased  transmission  intervals,  and 
to  these  the  changed  mechanism  is  attributed  ;  but  we  are  bound  to  acknow- 
ledge that  a  daj'  or  two  after  \vithdrawing  the  quinidine  the  refractorj'  period 
and  conduction  power  are  again  what  they  were  before  quinidine  was  given. 
Thus,  although  both  factors  which  tended  to  slow  the  circus  movement 
disappear,  Uttle  acceleration  is  apparent.  It  is  obvious  that  the  crest  of  the 
wave  can  no  longer  be  following  its  own  wake  ;  a  material  gap  must  have 
opened  up.  After  the  lapse  of  a  week  or  more,  the  pure  flutter  still  continues  ; 
if  quinirline  is  administered  again  to  this  patient  while  the  flutter  is  stable, 
considerable  doses  may  be  given  without  ai^preciably  affecting  the  rate  of 
the  oscillations  (Protocol,  Case  1).  The  delay  in  obtaining  a  pronounced  fall 
of  rate  is  due  to  the  period  during  which  the  gap  is  closing  up,  as  the 
refractory  period  lengthens. 

When  pure  flutter  first  becomes  established,  there  is  a  little  quickening 
of  its  rate  during  the  period  of  recovery  from  quinidine  (Protocol,  Cases  1  and 
25)  ;  similarly,  if  quinidine  is  given  afresh  while  this  stable  flutter  persists, 
there  is  a  little  slo^\-ing  of  its  rate  (Protocol,  Case  1)  ;  but  neither  of  these 
changes  are  conspicuous.  We  attribute  both  purely  to  change  in  conduction, 
and  do  not  believe  that  change  in  the  length  of  the  refractory  period  inlays 
any  part  in  it.  If  this  view  is  a  correct  one,  then  cases  of  this  kind  permit 
us  to  assess  approximately  tiie  proportion  in  wliich  lengthened  transmission 
intervals  on  the  one  hand,  and  lengthened  i-efractory  period  on  the  other 
hand,  are  responsible  for  slo\ving  when  these  cases  of  fibrillation  are  treated 
with  quinidine.  It  would  ob%-iously  be  concluded  that  lengthened  refractory 
periods  plays  the  cliief  part  in  these  cases. 

Abnormal  Vexteicular  Complexes. 

During  the  quinidine  treatment  of  auricular  fibrillation,  abnormal 
ventricular  complexes  are  frequent  in  electrocardiograms.  These  may  be 
single,  or  may  occur  in  pairs  or  small  groups.  These  abnormal  complexes 
are  seen  in  about  one  case  in  three  or  four  of  those  who  are  treated  with 
quinidine  and  who  failed  to  show  them  before  treatment.  In  occasional  cases 
they  become  very  numerous  and  are  then  associated  witli  short  or  long  periods 
of  ventricular  tachjcanlia. 

The  abnormal  beats,  resulting  from  quinidine,  occur  almost  exclusively 
at  the  height  of  the  auricidar  reaction,  namely,  when  the  auricular  rate 
nas  slowed  down  considerably.  Thus,  in  susceptible  cases,  they  have  not 
been  seen  at  rates  over  400,  they  occur  only  very  occasionallj'  at  rates 
above  350  ;  from  350  downwards  they  become  more  and  more  numerous 
and  are  most  frequent  at  rates  of  250  to  300.  When,  as  sometimes  happens, 
the  auricular  mechanism  changes  to  pure  flutter,  they  seem  to  disappear 
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entirely.  Thus,  the  abnormal  beats  are  definitely  associated  with  a  stage 
of  qiiiuidine  jDoisoning  during  which  the  heart  is  profoundly  influenced 
by  the  alkaloid,  and  they  occur  unerringly  over  only  a  small  range  of 
auricular  rates,  tlisappearing  again,  if  the  drug  is  discontinued,  when  the 
auricular  rate  rises  above  the  favoured  levels.  Judging  from  curves  taken 
directly  from  the  chest  wall,  either  ventricle  ma}'  be  involved,  the  abnormal 
complexes  having  a  chief  upward  or  a  chief  downward  phase.  In  any  given 
case  the  type  is  as  a  rule  constant,  though  occasionally  both  types  may  be 
seen  in  the  same  case  (Fig.  20/),  one  or  other  strongly  predominating. 

When  the  rate  of  ventricular  is  slow,  the  abnormal  complexes  are 
always  the  most  premature  in  the  curves,  but  they  do  not  occur  at  fixed 
intervals  after  the  beats  which  precede  them  as  is  usual  in  the  case  of  similar 
abnormal  complexes  in  the  condition  described  as  "  digitalis  couphng." 
The  relation  between  abnormality  of  outhne  and  prematurity,  wliich 
undoubtedly  exists  when  the  ventricle  responds  slowly,  is  susceptible  of 
alternate  explanations.  Either  the  beats  are  premature  because  they  are 
abnormal  (extrasystoles),  or  they  are  abnormal  in  form  because  they  are 
premature  (aberrant  beats).  The  second  explanation  has  been  adopted  by 
White,-'  though  we  think  without  full  justification.  There  are  numerous 
examples  in  which  the  second  explanation  appears  to  be  untenable,  and  these 
occur  especiallj'  when  the  rate  of  the  ventricle  is  faster.  In  such  circum- 
stances, although  the  abnormal  beats  still  tend  to  be  premature  in  the  average, 
j'et  they  are  not  necessarily  the  most  premature  beats  in  the  curves,  and  a 
clear  relation  between  prematurity'  and  abnormahty  of  outhne  is  not  dis- 
covered. Thus  in  Fig.  20rt  the  abnormal  complex  (.i)  does  not  represent  the 
most  premature  beat  of  the  curve,  the  diastole  preceding  beat  marked  y  is 
shorter.  Fig.  206  illustrates  the  same  point,  the  beats  marked  y  being  more 
premature  than  the  abnormal  beat  rr.  In  Fig.  20c  is  a  group  of  fom-  abnormal 
beats,  alternating  in  amphtude,  but  here,  again,  other  beats  of  more  normal 
outhne  occur  after  sliorter  cUastoles. 

Longer  runs  of  abnormal  beats  are  shown  in  Fig.  20,  d  and  e  ;  two  curves 
which  were  taken  from  a  single  case.  In  this  instance  an  almost  regular 
tachycardia  becomes  estabhshed,  the  ventricle  beating  at  a  rate  of  140-150  per 
minute.  As  to  whether  these  rapid  beats  are  responses  to  auricular  impulses 
it  was  not  possible  to  decide  in  individual 'Curves,  for  the  auricle  did  not  beat 
quite  regularl}- ;  it  was  in  a  state  of  impure  flutter.  But  since,  in  such  groups 
of  abnormal  beats,  the  heart  action  tends  to  become  regular,  and  since  a 
relation  between  abnormahty  and  prematurity  so  often  fails,  we  incUne 
definitely  to  the  view  that  these  abnormal  complexes  are  not  to  be  regarded 
as  aberrant  forms,  but  that  they  are  more  comparable  to  the  abnormal  beats 
which  help  to  constitute  the  digitahs  couphng.  However,  actual  couphng, 
such  as  is  seen  under  digitahs,  has  not  been  seen  under  quinidine  :  probably 
because  in  digitahs  therapj'  the  ventricle  slows,  while  under  quinidine  it 
accelerates.  If  we  are  right  in  assuming  that  we  are  deahng  with  beats  of  a 
similar  order  to  those  seen  under  digitalis,  a  reason  for  their  appearance 


256       LEWIS,     DRURY,     WEDD    AND     I  LIE  SOU. 

under  the  influence  of  these  two  poisons  has  to  be  suggested.  Quinidine 
and  digitalis  both  prolong  the  refractorj'  period  and  lengthen  the  transmission 
intervals  of  heart  muscle.*  We  suggest  that  the  abnormal  beats  occurring 
under  each  form  of  poisoning  are  in  some  way  associated  Anth  alterations 
of  the  muscular  excitability  ;  an  alteration  which  is  not  in  the  direction  of 
an  exaltation  but  in  the  direction  of  depression.  That  the  new  beats  are 
associated  in  some  way  with  tlie  constitution  of  the  refractory  period  is 
strongly  suggested  to  us  by  an  observation  upon  a  patient  who  was  under 
the  influence  of  quinidine,  and  to  whom  an  intravenous  injection  of  atropine 
was  given.  Immediately  after  the  atropine  was  injected,  short  runs  of  abnor- 
mal beats  were  seen  ;  in  these  curves  also  it  could  be  shown  that  the  beats 
were  not  abnormal  because  they  were  premature,  other  beats  of  natural 
outhne  occurring  in  the  same  curves  and  after  shorter  pauses.  Atropine  is 
known  to  alter  the  refractory  period,  lengthening  it  and,  by  so  doing,  pro- 
longing the  conduction  intervals. 

In  this  connection  we  remember  that  there  is  some  evidence  to  suggest 
that  certain  premature  beats  may  be  reentrant  beats  ;  that  one  beat  sets  up 
a  second  in  tliis  fashion.  This  possibiUty  has  been  briefly  discussed  in  a 
previous  paper.f  Tliis  idea,  so  it  seems  to  us,  must  be  borne  in  mind  ; 
especially  so  since  over-doses  of  digitalis  are  thought  to  give  rise  to  a  circu- 
lating mechanism  in  the  ventricle,  namely,  to  fibrillation  of  the  ventricles. 
The  real  nature  of  the  extrasystole  is  still  unknown  ;  it  may  be  that  in  some 
instances  we  are  deaUng  with  reentrant  beats,  and  tliis  idea  would  seem  most 
naturally  applicable  to  instances  of  accurate  coupling,  such  as  occiu*  under 
digitaUs,  or  to  instances  where  a  rapid  and  almost  regular  rhythm  seems  to 
emanate  from  the  ventricle,  a  phenomenon  seen  both  under  digitalis  and 
quinidine.  It  is  finally  to  be  remarked  that  a  remedy  such  as  quinidine, 
wliich  tends  to  bring  auricular  fibrillation  to  an  end,  is  not  necessarily  one 
wliich,  given  in  smaller  doses,  tends  to  ward  off  such  fibrillation  ;  the 
contrary  may  be  the  case. 

Protocols  of  case  notes. 

In  the  following  protocols,  we  give  a  brief  summary  of  the  patients'  histories  and  physical 
signs  at  the  time  wlien  the  observations  were  made.  In  doing  so  we  abbreviate.  Under  con- 
gestion, the  state  of  tlie  venous  sj-stem  is  summarised.  No  congestion  means  that  the  veins 
and  liver  were  normal ;  slight  congestion  signifies  some  engorgement  of  tlie  veins  and  cyanosis, 
with  or  without  slight  enlargement  of  the  liver.  The  size  of  the  heart  is  described  as  not  enlarged 
or  as  slight  but  definitely,  moderately  or  considerably  enlarged,  according  to  the  grade  of  enlarge- 
ment. By  poor  exercise  tolerance  we  mean  that  sjTnptoms  of  distress  are  observed  to  arise 
after  exercise  equivalent  to  walking  up  a  sliort  flight  of  stairs  ;  by  fair  exercise  tolerance  we 
mean  that  distress  is  produced  by  exercises  equivalent  to  walking  briskly  upstairs  or  hurrjTng 
on  the  level  ;  by  good  tolerance  we  mean  that  the  last  exercises  are  accomplished  without  trouble. 
The  remainder  of  the  protocols  consist  of  extracts  of  the  notes  and  observations  which  are 
relevant  to  the  text  of  our  article. 

Casel.    J.  P.    A  man,  aged  37.    Admitted  October  the  21st,  1921.    No  history  of  rheumatic 


Cardiac  sjTnptoms  for  6  years.  Mitral  stenosis  and  auricular  fibrillation,  the  last  known 
to  have  been  present  for  18  months.  Signs  of  slight  congestion.  Heart  slightly  tut  definitely 
enlarged.  Poor  exercise  tolerance.  Observations  on  this  case  will  be  found  in  Tables  I,  II,  VII 
and  VIII,  in  Fig.  4,  and  in  the  detailed  observations  which  follow. 

*  Digitalis,  acting  on  the  auricle,  both  directly  and  indirectly,  shortens  the  refractory  period  ; 
but  acting  on  the  ventricle  the  direct  action  will  be  almost  unopposed, 
t  Heart,  1918-20,  vii,  247  (Fig.  18  and  explanation,  especially). 
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Date  and  time.      Auricular  rate. 


Xov.21  9.35 
9.43 
9.46 
10.20 
10.40 
11.0 
11.20 
11.40 


476 
476 
476 
484 
484 
476 
469 
448 


12.20 
12.40 
1.0 
1.20 
1.40 
2.0 
2.20 
2.40 
3.0 
3.1 
3.20 
3.40 
4.0 
4.20 
4.40 
5.0 
5.20 
5.45 
6.0 

VOV.22  12  noon 


No%-.24  10.30 


10.25 
10.30 
10.50 
11.10 
11.30 
11.50 
12.10 
12.30 
1.10 
1.30 
1.50 
2.10 
2.30 
2.50 
3.10 
3.30 
3.50 
ISTov.SO  10.0 
Dec.  2  10.0 
Dec.  13 
Dec.  13  to 

.Tan.  2 
Jan.  2 


12  noon  Quinidine  0- 
484 
423 
385 


6gr. 


270 
291 
291 
265 
Quinidine  0 
280 
278 
300 
300 
320 
273 
297 
283 
256 
270 


252 
252 
258 
258 


Quinidine  0-6  gr. 
259 
254 
250 
234 
224 
222 
218 
218 
226 
224 


227 

257 

266 

Flutter  persists  a 
■Digitalis  tincture 

4S4 


90 
107 
118 
115 
127 
105 
110 

100 
109 
93 
104 
119 


very  rapid 


C3i 


Fibrillation  of  the  auricles ;  control  cuires  taken 
before  the  administration  of  quinidine. 


Fall  of  auricular  rate  and  rise  of  ventricular  rate. 
Fibrillation  passing  into  impure  flutter  under 
quinidine. 


/"The  auricular  rate  falls  a  little,  and  the  ven- 
I  tricular  rate  is  greatly  raised  by  tachycardia 
\     of  seeming  ventricular  origin. 

("Pure  fiutterdeveloped overnight,  the  rate  falling 
{  to  232.  The  simultaneous  fall  of  ventricular 
\  rate  is  exceptional. 
4  :  1  block  \  The  effects  of  quinidine  pass  off, 
4:1  block  I  but  pure  flutter  is  maintained. 
4:1,2:1  block  f  The  auricular  rate  rises  to  its 
4  :  1   block        '    stable  level  of  about  258. 

The  mechanism  remaining  un- 
changed and  the  auricular  rate 
being  constant  for  5  daj-s,  fur- 
ther quinidine  is  given. 


4 :  1    block 
4  :  I  and  occ. 
2:  1 


1  Pure  flutter  continues,  the  ventricle  responding 
C     4:1,  occ.  2:1.     Tlie  auricular  rate  begins  to 


109 

112 
113 
106 
112i 
114 
113} 
67 
CO 
before. 


fall  slighil; 


Pure  flutter  continues,  the  ventricle  at  first 
responding  2  :  1  and  occasional  4:1;  when 
the  auriciJar  rate  falls  to  226,  pure  2  :  1  block 
is  establislied  and  the  ventricular  rate  rises. 
Tliis  fall  of  auricular  rate  under  quinidine  is 
ascribed  purely  to  an  effect  on  conduction. 


(■Recover}'  from  quinidine  next   morning  ;     the 
auricijar  rate  rises  and  the  ventricular  rate 
1      falls.     Pure  flutter  still  maintained. 


Fibrillation  of  auricles. 
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Case  2.  J.  M.  A  man,  aged  42.  Admitted  July  the  2nd,  1921.  No  history  of  rheumatic 
fever.  Cardiac  symptoms  for  6  years.  Mitral  stenosis  and  auricular  fibrillation,  the  last  known  to 
have  been  present  for  23  months.  No  signs  of  congestion.  Heart  not  enlarged.  Poor  exercise 
tolerance. 

Observations  on  this  case  wiU  be  found  on  Tables  I  and  II. 

Case  3.  A.  .\.  A  man,  aged  43.  Admitted  Septemter  the  12tli,  1921.  History  of  rheumatic 
fever  at  15.  Cardiac  sjTnptoms  for  6  years.  Mitral  stenosis,  pericardial  adhesions  and  auricular 
fibrillation,  the  last  knomi  to  have  been  present  for  18  months,  and  probably  present  for  5  years. 
Signs  of  slight  congestion  present.     Heart  considerably  enlarged.     Poor  exercise  tolerance. 

Observations  on  this  cast  will  be  found  in  Tables  I  and  II. 

Case  4.  W.  A.  A  man,  aged  54.  Admitted  September  the  15th,  1921.  No  history  of 
rheumatic  fever.  Cardiac  sjTnptoms  for  5  years.  Fibrillation  of  auricles  known  to  have  been 
present  for  4  months.  No  signs  of  congestion.  Heart  moderately  enlarged.  Poor  exorcise 
tolerance. 

Observations  on  this  case  wiU  be  found  in  Tables  I  and  II. 

r,,..    :..     J.  M.     A  man,  aged  3S.     A.li:  ■         -        -   iud  September  the  12th,  1921.     No 

histc'       ■    '    I    .         I.    h\.r.    Cardiac  sympt..  .   il^rillation  of  auricles  knomi  to  have 

lei'.'i                         1     i.iiiiK-,     No  signs  of  coii_'  :  enlarged.    Poor  exercise  tolerance. 

ol  :s..:\,i'b.ii^..ii  tlLl^■  case  \4-ill  be  founil  1:.  .        ■      : ,  (    I ,  iV  and  in  Fig.  13. 

Case  6.  E.  A.  Aman,aged34.  Admitted  Septemberthe  26th,  1921.  Nohistory  of  rheumatic 
fever.  Cardiac  sjTnptoms  for  12  mouths.  Mitral  stenosis  and  aurictilar  fibrillation,  the  last 
knowTi  to  have  been  present  for  4  months.  Signs  of  congestion  present.  Heart  moderately 
enlarged.    Poor  exercise  tolerance. 

Observations  on  this  case  will  be  found  in  Tables  I,  III  and  TV,  and  in  Fig.  12. 

Case  7.  D.  L.  A  man,  aged  46.  Admitted  November  the  9th,  1921.  No  historj-  of 
rheumatic  fever.  Cardiac  sjTnptoms  for  6^  jears.  Auricular  fibrUlation  knowTi  to  have  been 
present  for  5  months,  and  probablj-  present  for  three  jears.  No  signs  of  congestion.  Heart 
slightlj-  but  c-lefuiitelj'  enlarged.    No  vahTilar  lesion.    Verj'  poor  exercise  tolerance. 

Observations  on  this  case  will  be  found  in  Tables  II,  III  and  IV,  and  Fig.  15. 

Case  8.  F.  W.  A  man,  aged  26.  Admitted  November  the  10th,  1921.  No  history  of 
rheumatic  fever.  Cardiac  symptoms  for  6J  je;iis.  ^litral  stenosis  and  auricular  fibrdlation, 
the  last  known  to  have  been  present  for  20  montlis,  and  probablj-  present  for  4  jears.  No  signs 
of  congestion.    Heart  considerablj-  enlarged.    Jloderate  exorcise  tolerance. 

Observations  on  this  case  will  be  found  in  Tables  II,  III,  IV  and  VIII,  and  in  Figs.  G  and  16. 

Case  9.  E.  P.  A  man,  aged  29.  Admitted  November  the  2nd,  1921.  No  historj*  of 
rheumatic  fever.  Cardiac  sjTnptoms  for  2J  j'ears.  Mitral  stenosis  and  auricular  fibrillation,  the 
last  known  to  have  been  present  for  10  months.  No  signs  of  congestion.  No  definite  signs  of 
enlargement.     Poor  exercise  tolerance. 

An  observation  on  this  case  wUl  be  found  on  page  244. 

Case  10.  J.  N.  A  man,  aged  34.  Admitted  December  the  3rd,  1921.  No  history  of 
rheumatic  fever.  Cardiac  sjTnptoms  for  nearlj-  3  jears ;  fibrillation  of  auricles  known  to  have  been 
present  for  4  months,  and  probably  present  for  1 1  months.  No  signs  of  congestion.  Heart  not 
enlarged.     Fair  exercise  tolerance. 

Observations  on  this  case  will  be  found  in  Table  VIII,  and  in  Figs.  3  and  18. 

Case  11.  H.  S.  A  man,  aged  40.  Admitted  .\ugust  the  31st,  1921.  No  historj'  of  rheumatic 
fever.  Cardiac  sjTnptoms  for  2  j"ears.  Mitral  stenosis  and  auricular  fibrillation,  the  last  known 
to  have  been  present  for  5  mouths.  Signs  of  slight  congestion  present.  Heart  moderately 
enlarged.    Poor  exercise  tolerance. 

Observations  on  this  case  will  be  found  in  Tables  III  and  IV,  and  in  Fig.  11. 

Case  12.  T.  C.  A  man,  aged  52.  Admitted  August  the  31st,  1921.  Nohistory  of  rheumatic 
fever.  Cardiac  sjTnptoms  for  2  years.  Mitral  stenosis  and  auricular  fibrillation,  the  last  knowTi 
to  have  been  present  for  14  months.  No  signs  of  congestion.  Heart  moderately  enlarged.  Poor 
exercise  tolerance.    Historj-  of  nephritis  and  bronchitis. 

Observations  on  this  case  will  be  found  in  Tables  III  and  IV,  and  in  Figs.  2  and  5. 

Case  13.  H.  P.  A  man,  aged  30.  Admitted  December  the  12th,  1921.  No.  history  of 
rheumatic  fever.  Cardiac  sj-mptoms  for  4i  jears.  ilitral  stenosis  and  auriciUar  fibrillation,  the 
last  known  to  have  been  present  for  12  months,  and  probablj-  present  for  3  j'ears.  No  signs  of 
congestion.    Heart  definitely  enlarged.    Poor  exercise  tolerance. 

Observations  on  this  case  will  be  found  in  Tables  III  and  lY,  and  in  Fig.  14. 
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Case  U.  F.  R.  A  man,  aged  59.  Admitted  Januarj'  the  18th,  1921.  No  liistory  of 
rheumatic  fever.  Cardiac  s.\Tmptoms  for  1  year,  fibrillation  of  auricles  known  to  have  been 
present  for  3  weeks,  and  probably  present  for  61  months.  Signs  of  slight  congestion.  Heart 
moderately  enlarged.    Poor  exercise  tolerance. 

Ob3er\-ation3  on  this  case  will  be  found  in  Tables  111  and  IV,  and  in  Fig.  17. 

Cose  15.  S.  D.  A  man,  aged  38.  Admitted  May  the  5th,  1921.  No  historj- of  rhemnatic 
fever.  Cardiac  s\-mptoms  for  5i  years.  Mitral  stenosis  and  auricular  fibrillation,  the  last  known 
to  have  been  present  for  1 J  years.  Signs  of  congestion  present.  Heart  considerably  enlarged. 
Poor  exercise  tolerance. 

Observations  on  this  case  will  be  found  in  Table  III. 

Case  16.  C.  B.  A  man,  aged  34.  Out-patient.  Repeated  history  of  rheumatic  fever.  Cardiac 
sjTuptoms  for  4  years.  Mitral  stenosis  and  pericardial  adliesions  and  auricular  fibrillation,  the 
last  known  to  have  been  present  for  14  months,  and  probably  present  for  3  years.  No  signs  of 
congestion.    Heart  moderatelj'  enlarged.    Poor  exercise  tolerance. 

Obser\-ations  on  this  case  will  be  fovmd  in  Table  III. 

Case  17.  F.  F.  A  man,  aged  45.  Admitted  April  the  13th,  1921.  Xo  history  of  rheumatic 
fever.  Cardiac  sjTnptoras  for  2  years.  Fibrillation  of  auricles  known  to  have  been  present  for 
9  months.    Signs  of  congestion.    Heart  moderately  enlarged.    Poor  exercise  tolerance. 

Obser^'ations  on  this  case  will  be  found  in  Table  111. 

Case  18.  A.  H.  A  man,  aged  38.  Admitted  July  the  22nd,  1921.  Xo  historj- of  rheumatic 
fever.  Cardiac  sjTnptoms  for  5i  years.  Mitral  stenosis  and  auricular  fibrillation,  the  last  known 
to  have  been  present  for  9  months,  and  probably  present  for  3i  years.  Xo  signs  of  congestion. 
Heart  slightly  enlarged.    Good  exercise  tolerance. 

Obser\'at  ions  on  this  case  will  be  found  in  Table  III. 

Case  19.  J.  C.  A  man,  aged  37.  Admitted  April  the  5th,  1921.  Xo  liistory  of  rheumatic 
fever.  Cardiac  sjTnptoms  for  5  years.  Fibrillation  of  auricles  known  to  have  been  present  for  9 
mouths.     Xo  signs  of  congestion.    Heart  not  enlarged.    Poor  exercise  tolerance. 

Observations  on  this  case  will  be  foimd  in  Fig.  9. 

Case  20.  D.  C.  A  man,  aged  46.  Admitted  January  the  1st,  1921.  No  history  of  rheimiatic 
fever.  Cardiac  sjTnptoms  for  5^  years.  Fibrillation  of  auricles  known  to  have  been  present 
for  13  months,  and  probably  present  for  4i  years.  Xo  signs  of  congestion.  Heart  slightly 
enlarged.    Poor  exercise  tolerance. 

Observations  on  this  case  wUl  be  fotmd  in  Fig.  8. 

Cose  21.  H.  H.  A  man,  aged  30.  Admitted  October  the  21st,  1921.  Xo  history  of 
rheumatic  fever  or  s\-philis.  Cardiac  SjTnptoms  for  34  jears.  Xo  fainting  attacks.  Auricular 
fibrillation  with  a  regular  action  of  the  ventricle  ;  the  usual  rates  of  the  ventricle  were  40  to 
48  per  minute.  This  mechanism  is  known  to  have  been  present  for  10  months,  and  has  probably 
been  present  for  2  jears.  Xo  valvular  disease.  Xo  signs  of  congestion.  Heart  slightly  enlarged. 
Good  exercise  tolerance. 

Obseri-ations  on  this  case  will  be  foimd  in  Fig.  7. 

On  October  the  31st,  he  was  given  0-6  of  a  gramme  of  hydrcquiixidine. 


Time. 

Auricular  rate. 

Ventricular  rate. 

Remarks. 

9  15 

501 

47 

giso 

9.45 
10.0 

492 
482 
512 

44 
44 
41 

1  Fibrillation  of  atiricles  and  com- 

1     pleto  heart  block. 

10.30 

522 

39 

10.40 

Hydroquinidine  0-6 

gr- 

11.0 

514 

40 

1 

11.20 
11.40 

520 
535 

38 
39 

lAtiricular  action  slows  under 

12.0  noon 

399 

48 

hydroquinidine. 

12.35 

342 

44 

J 

1.0 

78 

41 

\Xormal    auricular    rhythm    and 
/     complete  block. 

1.20 

74 

39 

Case  22.  W.  C.  A  man,  aged  49.  Admitted  January  the  24th,  1922.  Repeated  history 
of  rheumatic  fever.  Cardiac  sjTnptoms  for  6  j'ears.  Mitral  stenosis  and  auricular  fibrillation, 
the  last  knowTi  to  have  been  present  for  3  weeks,  and  probablj-  present  for  2  jears.  Xo  signs 
of  congestion.    Heart  moderatelj- enlarged.    Poor  exercise  tolerance. 

Observations  on  this  case  will  be  found  in  Fig.  19. 
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Case  23.  R.  S.  A  man,  aged  41.  Admitted  January  the  20th,  1922.  History  of  rheumatic 
fever  at  17.  Cardiac  symptoms  for  7  years.  Mitral  stenosis  and  auricular  fibrillation,  the  last 
known  to  have  been  present  for  12  months.  No  signs  of  congestion.  Heart  slightly  enlarged. 
Poor  exorcise  tolerance. 

Observations  on  tliis  case  are  referred  to  on  page  245. 

Case  24.  F.  M.  A  man,  aged  23.  Admitted  August  the  9th,  1921.  No  history  of  rheumatic 
fever.  Cardiac  symptoms  for  3^  years.  Mitral  stenosis  and  auricular  fibrillation,  the  last  known 
to  have  been  present  for  12  months.  Signs  of  congestion  present.  Heart  definitely  enlarged. 
Poor  exorcise  tolerance. 

Observations  on  this  case  are  to  be  found  in  Table  VII,  and  in  the  following  special  protocol. 


Date  and  time. 


Aug.: 


10.0 

10.1 

12  noon 
2.0 
4.0 
4.30 
5.30 
8.0 

10.0 

12  noon 

12.1 
2.0 
4.0 
4.1 
6.0 
Aug.l7     8.0 

10.0 

12  noon 

12.1 
2.0 
4.0 
4.1 
6.0 
Aug.  18  8.0 
9.0 

10.20 

11.30 

12  nooi: 
1.15 
1.30 
2.15 
2.50 
3.0 
3.30 
4.30 
5.0 
Aug.  19  10.0 
2.30 


Aug.20 
Aug.22 


Aug.23 

Aug.24 


4.0 
10.0 
12  no 
10.0 
12  noon 

2.0 

5.15 
10.0 

4.0 
10.0 
12  noon 

2.0 


C.  quinidine  sulph.  0-4  gr. 

490 

407 

400 

423 
C.  quinidine  sulph.  0-4  gr. 


C.  quinidine  sulph.  0-4  gr. 

340 
C.  quinidine  sulph.  0-4  gr. 

347 

303 
C.  quinidine  sulph.  0-4  gr. 

343 

313 
C.  quinidine  sulph.  0-4  gr. 

322 
C.  quinidine  sulph.  0-4  gr. 

225 


218 
220 
222 
220 
232 
230 
246 
250 
254 
260 
256 


270 
270 
272 
270 
272 
573 


HI 

112J 

107 

105 

200 

202 

109 

110 

111 

110 

116 

100 

102 

100 

127 

130 

128 

100 

120 

100 

120 

112 


Fibrillation,  the  auricular  rate  falling 
after  quinidine. 


ome  recovery  over  night.  Dosage  in- 
creased. Auricular  rate  falls  lower 
to  340,  and  ventricular  rate  now  rises 
to  120.     Impure  flutter. 


Impure  flutter  continues,  the  auricular 
rate  remaining  down. 


Pure  flutter  developed,  the  rate  of  the 
"     auricle  jumping  down  to  222.     The 

ventricle  responding  regularlj'  2  :  1. 
The  auricular  rate  falls  to  200,  and  the 

ventricle  assumes  the  same  rate. 

I  Quinidine  having  been  stopped  the 
y  auricular  rate  lifts  a  little  and  2  :  1 
I      ventricular  response  returns. 

Tlie   auricular   rate   recovers    further, 
"     and  2  :  1  responses  are  often  mixed 
with  4  :  1  responses. 


Tincture  of  digitalis  was  begim  in  doses 

^     of  a  drachnra  day  on  the  20th  ;    but 

the  rates  showod"  little  cliange  until 

the  24th.    Total  of  4  drachms  given. 


Fibrillation  of  auricle; 
-     rate   of   oscillation 
originally. 


Note  tliat 
liigher    tl 
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Case  25.  R.  S.  A  man,  aged  26.  Admitted  August  the  16th,  1921.  Ko  history  of  rheumatic 
fever.  Cardiac  sj-mptoms  for  3  years,  ilitral  stenosis  and  auricular  fibrillation,  the  last  known 
to  have  been  present  for  1  month  ;  probably  present  much  longer.  No  signs  of  congestion.  No 
definite  signs  of  enlargement.    Fair  exercise  tolerance. 

The  following  protocol  shows  special  features  referred  to  in  the  text. 


Date  and  time. 


AuriciJar  rate. 


'Ventricularl 
rate.       1 


Aug.  22  10.0 

C.  quinidine  siilph.  0-4  gr. 

10.1 

573 

63 

12  noon 

513 

63 

1.0 

C.  quinidine  sulph.  0-4  gr. 

2.0 

450 

77 

4.0 

C.  quinidine  sulph.  0-4  gr. 

4.1 

430 

77 

5.30 

425 

S3 

Aug.  23    At   lO.'O,  12.0  and  4.0,  0-4  gr.  C.  quinidine  suJ 

10.30 

470 

61 

3.40 

331 

92 

Aug.  24    At  11. 

0  and  4.0,    0-4  gr.  C.  quini 

dine  sulph. 

10.0 

490 

64 

12  noon 

492 

65 

2.0 

402 

4.0 

340 

79 

5.15 

387 

80 

Aug.  25     At  11. 

0,  1.30,  4.0  and  8.0  C.  quini 

dine  sulph. 

10.0 

473 

66 

12  noon 

480 

61 

2.0 

386 

82 

4.0 

342 

81 

5.0 

221 

96 

Aug.  26   At  4.0, 

10.0,  2.0,  4.0,  8.0  and  12  m 

id.,  0-4  gr. 

10.0 

240 

80 

2.0 

235 

83 

4.0 

246 

93 

5.0 

230 

90 

Aug.  27    At  4.0, 

8.0,  2.0  and  6.0,  0-4gr.sulp 

hate. 

10.0 

202 

101 

12.0 

218 

78 

Aug.  28   2.0 

276 

92 

At  2.0, 

5.0, 8.0  and  12  noon,  0-2  gr 

.  sulphate. 

Aug.  29    At  4.0 

a.m.  and  12.30,  0-4  gr.  sul 

phate. 

10.30 

264 

100 

12  noon 

264 

80 

2.0 

272 

90 

4.0 

250 

96 

5.0 

264 

96 

Aug.  30  10.0 

278 

85 

4.0 

280 

93 

Aug.  31  10.0 

282 

70J 

12  noon 

286 

62 

Sept.l   10.0 

289 

63 

2.0 

288 

72 

Sept.  2  10.0 

280 

70 

5.0 

280 

70 

Fibrillation  of  auricles  ;  auricular  rate 
'     falling   and   ventricular    rate    rising 
under  quinidine. 


Recovery  each  night  and  fall  of  auri- 
cular rate  during  the  day  in  response 
to  3  doses  of  quinidine  sulphate. 


lAbru 

of 

)      ^s 


Abrupt  fall  of  rate  and  establishment 
"  pure  flutter.     2  :  1  and  occ.   4  :  1 
response, 
sulphate. 

j  Pure  flutter  continues  without  much 
]•  change.  Ventricle  gives  3 : 1  or  mixed 
I      response. 

[  Pure  flutter  continues. 

;  Pure  flutter,  aiuricular  rate  recovering 

i      from  quinidine. 


I  Pure  flutter  persists.   The  auricular  rate 
rises  to  280  when  quinidine  is  with- 
I      drawn  and  remains  at  this  rate  for 
r     days.  The  ventricle  usually  respond- 
ing regularly  to  each   4th   avu-icular 
beat. 
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Ca.se  2t>.  A.  P.  .\  man,  aged  54.  Admitted  August  the  5th,  1921.  No  history  of  rheumatic 
fever.  Caidiai;  sjiiiijtoms  for  (ii  years.  Mitral  stenosis  and  auricular  fibrillation,  the  last  known 
to  have  boon  present  for  3J  years.  No  signs  of  congestion.  Heart  moderately  enlarged.  Fair 
exercise  tolerance. 

tlie  text  were  made  upon  him. 


Tlio  following  observations  referred  to  i 


Ventricular 

Date  and  time. 

Auricular  rate. 

rate. 

Remarks. 

Aug.  5  to 

Aug.  11 

Aug.  12 

Resting  i 

nbed. 

A    momi 

ng  and  evening  dose  of  0-2  gr.  C.  (juiu 

idine  sulph. 

Aug.  15 

10.0 
10.0 

423 
C.  quinidine  sulph.  0-4  gr. 

60 

12  noon 

335 

01 

1.30 

C.  quinidine  sulph.  0-4  gr. 

2.0 

271 

85 

4.0 

60 

00 

Normal  rhythm. 

Aug.  17 

Normal  r 

hythm  with  frequent  extrasystoles. 

One  dose  of 

0-4  C. 

quinidine  sulphate  given  daily  up  to 

and  including 

the   22 

nd. 

Aug.  22 

Fibrillat 

ion  resumed  and  continued  till  Septe 

mberthe5th. 

Sept.  5 

10.0 

C.  quinidine  sulph.  0-4  gr. 

10.30 

410 

68 

11.15 

263 

80 

12  noon 

262 

84 

12.30 

C.  quinidine  sulph.  0-4  gr. 

12.40 

204 

98 

1.10 

274 

98 

1.40 

284 

90 

2.10 

272 

80 

2.30 

269 

75 

2.50 

280 

74 

3.10 

288 

84 

3.30 

57 

57 

Normal  rhythm. 

Sept.  14 

Fibrillat 

ion  resiuned  and  continued  till  Septe 

mber  the  21st 

Sept.  21 

C.    quini 

dine  sulph.  0-4  gr.,  at  10.0  and  12.30. 

3.30 

70 

70 

Normal  rhythm. 

Sept.  28 

10.0 
At  10.30 

452 
and  2.0,  C.  quinine  sulph.  0-4  gr. 

65 

Fibrillation  of  auricles. 

5.30 

308 

104 

6.30   an 

d  11.30,  quinine  sulph.  0-4  gr. 

Sept.  29 

10.0 

72 

72 

Normal  rhythm. 

Sept.  30 

Fibrillat 

ion  resumed  and  continued  till  Oetob 

erthe  11th. 

During 

this  interval  3i  drachms  of  tincture 

of  digitalis  a 

d- 

ministe 

red. 

Oct.  11 

10.0 

C.  quinidine  sulih.  0-4  gr. 

10.1 

477 

52 

2.30 

C.  quinidine  sulph.  0-4  gr. 

2.31 

318 

56 

4.30 

63 

63 

Normal  rhythm. 

Summary  and  chief  conclusions. 

1.     A  clinical  method  of  investigating  the  reactions  of  the  fibrillating 
auricle  is  described. 


2.     Curves  of  rate '(auricular  and  ventricular)  responding  to  single  test 
doses  of  quinidine  are  examined. 
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3.  Given  by  the  mouth  there  is  no  material  difference  between  the 
reactions  jielded  by  salts  of  quinidine  having  different  solubiUty. 

4.  The  reaction  is  related  in  its  degree  to  the  dose  of  quinidine  given. 

5.  Quinidine  has,  weight  for  weight,  5  to  10  times  as  i^owerful  an  action 
as  quinine. 

0.  Hydroquinidine,  the  chief  impurity  of  commercial  quinidine,  has, 
weight  for  weight,  a  very  slightly  more  powerful  action  than  quinidine. 

7.  DigitaUs  when  given  in  full  dcses  increases  the  rate  of  the  fibrillating 
auricle,  as  a  rule. 

8.  The  reaction  of  the  fibrillating  auricle  to  quinidine  is  adversely 
affected,  though  in  minor  degree,  by  full  doses  of  digitaUs.  This  adverse 
effect  is  more  than  counterbalanced  by  the  control  which  digitalis  exerts  on 
the  ventricular  rate. 

9.  Atropine,  as  a  rule,  slows  the  fibrillating  auricle,  sometimes  slowing 
it  conspicuously. 

10.  In  dogs,  the  dose  of  atropine,  adequate  to  paralyse  the  vagi, 
amounts  to  from  0'05  to  0"1  milligramme  per  kilogram  body  weight.  A 
paresis  of  the  nerves  is  accompanied  by  doses  half  as  great  as  these. 

11.  In  man,  1/50  of  a  grain  of  atropine  given  hypodermically  does  not, 
as  a  rule,  paralyse  the  vagus.  To  be  certain  of  paralysis,  as  much  as  1/10  of  a 
grain  is  necessary. 

12.  Digitalis  exerts  its  action  on  the  ventricle  in  part  directly  and  in 
part  through  the  vagi.  The  proportion  between  these  actions  is  probably 
variable  in  individual  cases. 

13.  When  digitahs  quickens  the  fibrillating  auricle  or  converts  flutter 
into  fibrillation,  it  does  so  bj'  exerting  a  preponderating  action  through  the 
vagus  nerves. 

14.  The  actions  of  atropine,  quinidine  and  digitahs  upon  the  fibrillating 
auricle  are  fully  explained  by  the  theory  of  circus  movement. 

15.  Chnical  evidence  is  brought  forward  to  show  that  quinidine  produces 
only  a  partial  paralysis  of  the  vagi,  when  it  is  used  in  therai^eutic  doses  in 
cases  of  auricular  fibrillation. 

16.  In  the  same  circumstances  quinidine  is  shown  to  produce  a  shght 
grade  of  .-1-  V  block  clinically. 
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17.  The  reasons  why  the  ventricle  accelerates,  when  auricular  fibrillation 
is  treated  by  means  of  quinidine,  is  fully  discussed  on  the  basis  of  cUnical 
observations.  Paresis  of  the  vagus  and  lowered  auricular  rate  each  plays  its 
part,  while  block  developed  in  the  A-  V  tissues  partly  counteracts  the 
effects  of  these. 

18.  It  would  seem  that  atropine  is  unlikely  materially  to  aid  the 
therapeutic  reaction  of  a  fibrillating  auricle  to  quinidine. 

19.  Evidence  is  brought  forward  that  an  essential  difference  between 
chnical  flutter  and  fibrillation  is  that,  in  the  former,  the  gap  between  the 
crest  and  wake  of  the  circulating  wave  is  greater.  The  difference  probably 
accounts  for  the  slower  and  more  regular  beating  of  the  fluttering  as  opposed 
to  the  fibrillating  auricle. 

20.  The  nature  of  abnormal  ventricular  beats,  occurring  under  quini- 
dine, is  discussed  ;  the  evidence  seems  to  point  to  their  extrasystolic  origin. 
The  phenomenon  is  compared  to  that  which  occurs  in  digitahs  couphng,  and 
it  is  suggested  that  a  common  causation  may,  perhaps,  be  found  in  the 
similar  influence  which  quinidine  and  digitahs  exert  on  the  refractory  period, 
rendering  possible  a  re-entry  of  the  wave  for  one  or  more  cycles. 
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Fi2  20.  A  series  of  records  taken,  with  chest  leads,  from  patients  during  quinidine  tlierapy. 
(rt)  A  curve  taken  by  chest  lead  from  a  patient  who  had  taken  3-6  grammes  of  quinidine 
sulphate  in  2i  days.  (6)  A  ^.niilar  .viiv,-  tnuii  another  case  after  l(i  of  a  gramme  of 
quinidine  sulphate  had  b.-,  !  I  ,\   similar  cur\e  from  the  same  case 

after  2  0  grammes  of  quiniil  -ii  iii  i"  days,      (i/andc)  Similar  curves 

from  another  case  after  1  i  _  .  -.■  had  leen  taken  in  1  day.    (/)  From 

the  same  case  in  which   al):.   : ,,,  ...  :  ,,tli  \entrieles  are  shown,  and  in  which 

beats  of  normal  outline  appear  uucasiouall> . 


AV 


PAROXYSiUL    VENTRICULAR    FIBRILLATION    WITH    CARDIAC 

RECOVERY    IN    A    CASE    OF    AURICULAR    FIBRILLATION    AND 

COMPLETE     HEART-BLOCK     WHILE     UNDER     QUINIDINE 

SULPHATE   THERAPY. 

By  WM.  J.  KERR  and  WM.  L.  BENDER. 

(From  (he  Department  of  Medicine,   Unii-ersity  of  California  Medical  School, 
San  Francisco.) 


The  recorded  instances  of  ventricular  fibrillation  in  the  human  subject  are 
few  in  number,  due  to  the  promptness  with  which  death  ensues  when  the 
condition  becomes  well  established.  Most  of  the  records  have  been  obtained 
at  the  time  of  death.  The  interpretation  of  the  electrocardiograpliic  record 
in  the  first  published  case  by  Hoffmann-  obtained  at  the  end  of  an  attack 
of  paroxysmal  tachjcardia  has  been  questioned  :*  it  is  said  to  represent  a 
transition  stage  \\ith  impulses  arising  from  several  ventricular  foci. 
Robinsou""  reports  two  cases  of  ventricular  fibrillation,  with  electrocardio- 
grapliic records  obtained  after  the  clinical  death  of  the  patients.  In  one 
of  these  cases  (following  death  from  pohomyehtis),  the  ventricular 
fibrillation  was  of  brief  diu-ation  and  was  followed  by  one  abnormal 
veutriciUar  complex.  In  the  other  case  (following  death  from  pneumonia) 
there  was  a  brief  period  of  ventricular  fibrillation  followed  by  slow  ventricular 
rhythm  for  about  one  and  one-half  minutes.  That  but  one  of  these  records 
shows  ventricular  fibrillation  is  suggested  by  Lewis.*  In  a  case  of 
broncho-pneumonia  at  the  time  of  death,  Halsey^  obtained  electrocardiograms 
shomng  what  has  been  considered  as  well  estabhshed  ventricidar  fibrillation. 
Robinson  and  Bredeck*  report  a  case  of  ventricular  fibrillation  occiuring 
during  the  last  of  three  attacks  of  cardiac  syncope,  with  cardiac  recovery 
and  death  thirty  hours  later.  Lewis*  also  beUeves  that  tliis  electrocardiogram 
represents  "  the  last  of  those  preliminary  disturbances  wliich  precede  full 
fibrillation  "  and  "  a  less  advanced  grade  of  disorder  than  does  that  of 
Halsey."! 
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The  observations  here  recorded  were  made  over  a  period  of  a  year, 
during  which  time  there  were  several  attacks  of  cardiac  sjncope,  resembhng 
Stokes-Adams  syndrome,  following  the  administration  of  quinidine  sulphate. 
During  some  of  these  attacks  electrocardiograms  and  polygraphic  tracings 
were  made.  The  electrocardiograms  show  different  typos  of  ventricular 
rhythm.  Originally  auricular  fibrillation,  complete  heart-block  and  defective 
conduction  in  the  ventricles*  were  present.  During  the  period  of  observation 
paroxysms  of  ventricular  tachycardia  were  observed.  Electrocardiograms 
were  obtained  resembling  the  curve  of  ventricular  fibrillation  as  reported 
by  Halsey.  One  record  of  very  unusual  type,  which  probably  more  nearly 
represents  ventricular  fibrillation  than  any  other  hitherto  published,  from 
the  human  subject  was  recorded.  The  patient  recovered,  and  is  now,  nine 
months  after  these  unusual  attacks,  in  better  health  than  at  any  time  since 
he  came  under  observation. 

This  patient  had  been  under  treatment  with  quinidine  sulphate  at  the 
time  when  the  cardiac  syncope  supervened,  and  its  relation  to  this  will  be 
discussed  later. 

Clinical  sttiiimarii. 

J.  W.  F.  P..  a  clerk  of  68  3-ears,  first  came  under  observation  in  the  out- 
patient department  of  the  University  of  California  Medical  School  on  the 
31st  of  May,  1921. 

The  onset  of  his  complaint  dated  from  about  ^lay,  I'JIT,  when  he  noticed 
gradually  increasing  palpitation,  dyspnoea,  cyanosis  and  oedema  of  the  ankles. 
These  symptoms  continued  for  about  three  weeks,  when  orthopnea  developed, 
and  he  consulted  Dr.  Rene  Bine,  of  San  Francisco,  to  whom  we  are  indebted 
for  the  use  of  his  excellent  office  records.  When  first  examined  by  Dr.  Bine, 
on  May  the  30th,  1917,  the  heart  was  enlarged  to  the  left,  the  sounds  were 
faint,  the  rate  was  about  40,  the  systohc  blood  pressure  150,  and  the  diastohc 
pressure  100  mm.  Hg  ;  oedema  of  the  ankles,  marked  cyanosis,  moderate 
passive  congestion  of  the  lungs  and  ascites  were  present.  His  weight  was 
232  pounds.  Digitalis  and  eUminative  treatment  were  prescribed,  and  on 
July  the  31st,  1917,  he  had  improved,  the  heart  being  still  enlarged:  there 
were  no  murmurs,  the  rate  was  96,  and  many  extrasystoles  were  present : 
his  weight  was  200  pounds.  During  1918  and  1919  he  continued  in  much 
the  same  condition  and  was  fairly  well  compensated  for  Ught  activity. 
The  heart  rate  varied  between  80  and  96,  \uth  "  numerous  extrasystoles,'' 
and  the  systolic  blood  pressure  ranged  between  170  and  180,  the  diastolic 
from  90  to  100  mm.  Hg.  During  this  period  the  liver  became  palpable  and 
gradually  enlarged.     He  went  back  to  his  clerical  work. 

*  There  is  a  difference  of  opinion  as  to  whether  the  oiines  obtained  represent  a  left  or  right 
bundle  branch  lesion.  Experimentally  similar  cur\es  are  obtained  by  severing  the  left  branch 
of  the  His  bundle  while  clinically  cases  are  reported  where  more  extensive  damage  is  found  in 
the  right  heart. 
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There  was  another  period  of  failure  in  November,  1920,  with  cyanosis, 
dyspnoea,  abdominal  distension,  oedema  and  weakness.  At  this  time  the 
pulse  was  regular,  the  rate  varjing  between  50  and  60  ;  the  blood  pressure 
was  240  systolic  and  90  diastolic  ;  there  was  a  blowing  systohc  murmur  at 
apex  and  base.  A  note  on  December  the  15th,  1920,  stated  that  he  was 
improved  and  the  heart  rate  was  36. 

On  January  the  5th,  1921,  he  had  a  dizzy  spell  in  the  street.  Imt  did  not 
become  unconscious.  When  next  examined,  the  rate  was  30  and  the  rhythm 
regular. 

The  patient  came  to  the  out-patient  department  on  May  the  31st,  1921, 
four  years  after  the  onset  of  liis  symptoms,  complaining  of  oedema  of  the 
ankles  and  dyspnoea.  He  gave  a  history  of  scarlet  fever  in  childhood,  but 
had  never  had  tonsilitis  or  rheumatism  ;  he  had  a  probable  primary  luetic 
lesion  at  23  years,  but  there  were  no  secondary  manifestations.  The 
results  of  examination  were  essentially  as  recorded  above.  The  heart  was 
enlarged,  the  rliythm  regular,  the  rate  31   and  the  systolic  blood  pressure 
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Fig.  1.  Curve  of  radial  fiul.se  in  case  presenterl.  The  attacks  of  syncope  occurred  on  Novemlier 
the  9th  and  10th,  but  the  pulse  rate  did  not  rise  to  the  normal  rate  until  November  the  Kith. 
The  pulse  has  since  varied  from  70  to  S!0. 


was  170  mm.  and  the  diastohc  90  mm.  Hg.  The  liver  was  enlarged 
and  the  ankles  were  conspicuously  oedematous.  The  urine  contained  a 
heavy  cloud  of  albumen  ;  the  blood  Wassermann  was  negative.  The  reflexes 
and  pupils  were  normal.  An  electrocardiogram  showed  auricular  fihrillatio)! , 
complete  hem-t-block ,  with  a  ventricular  rate  of  40  and  defective  ventricular 
conduction.  Tincture  of  digitalis,  minims  XV,  t.i.d.,  was  prescribed  over  a 
period  of  10  days.  On  June  the  1 1th,  1921,  a  general  and  electrocardiographic 
examination  showed  his  condition  to  be  the  same. 

The  patient  was  admitted  to  the  medical  ward  on  September  the  12th, 
1921,  for  observation,  having  had  no  medication  for  three  months.  At  that 
time  he  felt  well,  except  for  slight  dyspnoea  and  nocturia.  There  was  extreme 
cyanosis,  the  heart  was  enlarged  to  right  and  left,  and  the  apex  beat  was 
located  in  the  5tli  left  interspace  13  cm.  from  the  mid-sternal  hne  ;  the 
sounds  were  muffled,  apical  and  basal  systolic  murmurs  were  heard  ;  the 
rliythm     was    regular  and   the  rate   32  ;     the    systolic    blood   presstu'e  was 
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22(1  mm.  and  the  diastolic  75  mm.  Hg.  The  rounded  liver  edge  was 
easily  felt  3  cm.  below  the  costal  margin  ;  the  pressure  of  feeling  it  evoked 
pain.  There  was  moderate  generalised  peripheral  arteriosclerosis.  The 
urine  contained  a  faint  trace  of  albumen.  The  blood  Wassermann  was 
again  negative.     An  electrocardiographic  tracing  showed  no  essential  change. 

It  was  decided  to  try  the  effect  of  quinidine  sulphate  in  this  case  of 
complete  heart  block  associated  with  auricular  fibrillation.  If  the  auricles 
and  ventricles  were  affected  separated  it  was  thought  that  this  would  be 
brought  out  by  study  under  administration  of  the  drug.  On  September  the 
13th  a  single  dose  of  quinidine  sulphate  0-4  of  a  gramme  was  given.  This 
was  followed  shortly  by  a  brief  period  of  bigeminal  pulse  -n-ithout  subjective 
sj'mptoms.  The  attack  lasted  only  a  few  minutes  and  disappeared  before 
an  electrocardiogram  could  be  obtained.  It  was  probably  due  to  abnormal 
ventricular  beats.  Another  dose  of  0-4  of  a  gramme  was  given  on  September  the 
14th,  without  noticeable  effect.  On  September  the  15th  and  16th,  0-4  of  a 
gramme  was  given  four  and  three  times  respectively.  On  September  the  16th, 
after  having  taken  a  total  of  3-6  grammes  over  a  period  of  four  days,  the 
patient  had  an  attack  of  syncope,  lasting  a  few  seconds.  An  electrocardio- 
gram taken  shortly  afterwards  showed  bigeminal  rhythm  with  abnormal 
ventricular  complexes  of  extremely  wide  deflection  following  each  regular 
beat.  Oq  September  the  17th  the  abnormal  ventricular  beats  had  ceased 
and  the  ventricular  rhj'thm  retm-ned,  the  rate  var3ing  between  30  and  40. 
No  more  quinidine  was  given  at  tliis  time  and  the  patient  was  discharged 
on  September  the  18th,  showing  no  ill  effects. 

He  was  seen  again  on  October  the  20th,  1921.  The  general  condition 
was  somewhat  improved  and  the  heart  findings  were  essentially  the  same  as 
when  he  entered  the  hospital,  except  that  the  rhythm  was  very  irregular 
with  a  slight  pulse  deficit,  and  the  ventricular  rate  varied  from  40  to  70.  An 
electrocardiogram  showed  auricular  fibrillation,  ventricular  rhythm  irregular, 
but  with  complexes  of  the  type  noted  when  first  observed,  and  a  rate  of  45 
to  70.  There  was  evidence  of  a  left  bundle  branch  lesion.  Quinidine  was 
prescribed  and  the  dosage  varied  from  0-2  to  0-6  of  a  gramme  daily  for  a 
period  of  two  weeks.  He  was  seen  frequently  during  this  time.  The  pulse 
varied  from  38  to  80  and  he  felt  unusually  well. 

On  November  the  5th,  1921,  the  patient  was  again  admitted  to  the 
hospital  for  further  observation  and  treatment.  The  physical  examination 
showed  no  essential  change,  the  heart  rhythm  was  absolutelj-  irregular,  the 
rate  at  rest  being  about  48,  and  after  exertion  about  68. 

Another  course  of  quinidine  was  instituted,  and  on  November  the  8th 
four  doses  (0-2  of  a  gramme)  of  the  sulphate  were  given  without  effect. 
On  November  the  9th  a  similar  dose  was  given  at  8  and  10,  12,  and  at  2 
o'clock  during  the  daj'.  Shortly  after  the  last  dose  the  patient  was  taken 
to  the  electrocardiograph  room.  He  returned  feeling  well  until  about 
3  p.m.    when,  wliile  walking  about  his  room,  he  suddenly  became  faint  and 
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fell  to  the  floor,  where  he  was  seen  a  moment  later  l\ing  unconscious,  very 
cyanotic  and  taking  an  occasional  gasping  breath.  The  pulse  was  regular 
and  weak,  the  rate  being  about  40.  The  cyanosis  quickly  disappeared :  he 
developed  Cheyne-Stokes  breathing  and  consciousness  gradually  returned. 
The  pulse  rate  increased  to  60  and  became  irregular  again.  Within  fifteen 
minutes  his  condition  was  as  usual,  except  for  some  mental  confusion. 
During  the  attack  he  lost  a  small  amount  of  urine. 

About  twenty  minutes  later  he  announced  that  another  attack  was 
coming  on  and  began  to  stare  straight  in  front  of  him.  His  pulse  could  not 
be  felt ;  he  stopped  breathing  and  lost  consciousness  almost  instantaneously. 
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.  2.  Xovemlier  the  9th,  1921,  9  p.m..  Polygrajjhic  trating*  of  the  jugular  pulse  sliowing 
one  of  tlie  iittiuks  of  rapirl  forreful  beating  of  the  heart,  not  assooiatetl  with  syncope.  Rate 
200.     Time-marker  for  jiolygraphic  tracings  in  fifths  of  a  second. 


Nov  <^-*  (\.-ii'^'*- 


Fig.   3.     Novenilier  the  9th,   1921,  9.30  p.m..      Polygraphic  tracing*  sliowing 
about  a  lialfhour  after  an  attack  of  syncoiie. 

*  Polygraph  tracings  are  by  Stafford  L.  Warren,  senior  student,  who  was  of  great  assistance 
in  the  technical  details. 


His  colour  grew  transiently  pale,  then  very  cyanotic,  and  no  radial  pulse 
could  be  felt  or  heart  sounds  heard  for  several  seconds.  The  heart  was  then 
massaged  with  the  fingers  pushed  deep  under  the  rib  margin,  and  while  this 
was  being  done  a  quivering  of  the  heart  could  be  felt  but  no  pulsations. 
Within  a  minute  or  two,  apex  and  radial  beats  could  again  be  felt,  at  first 
slow,  feeble  and  regular  ;  as  they  gained  in  strength  the  rate  became  more 
rapid  and  at  times  the  rhythm  was  irregular.  This  was  interspersed  with 
short  periods  of  very  rapid  heart  beats,  about  140  or  more  per  minute,  and 
fairly  regular.  Consciousness  and  colour  i-eturned  as  in  the  previous  attack. 

A  third  attack  of  syncope  occurred  about  thirty  minutes  later  (at 
5.15  p.m.)  and  the  heart  sounds  could  not  be  heard  for  thirty  seconds.  The 
quivering   of   the   heart   could   again   be   felt.     Polygraphic   tracings   were 
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obtained.  A  similar  but  shorter  attack  occurred  at  7.45  in  the  evening, 
and  the  short  periods  of  tachycardia  were  again  present  preceding  and 
during  recovery  from  it.  Electrocardiograms  and  polygraph  tracings  were 
made.  The  fifth  attack,  which  occurred  at  9.08  p.m.,  was  Uke^vise  short. 
Records  were  again  obtained.  No  more  attacks  occurred  diuing  the  night 
and  the  patient  slept  at  intervals,  in  which  Cheyne-Stokes  breathing  was 
marked.  The  pulse  rate  varied  between  40  and  55  through  the  night, 
at  times  regular  with  an  occasional  extrasystole,  at  others  absolutely  irregular. 
The  sixth  and  last  attack,  which  was  very  short  and  mild,  occurred  at  9  a.m. 
on  November  the  10th. 

Thereafter  he  improved  gradually  up  to  the  day  of  discharge,  November 
the  22nd,  when  he  was  walking  about  and  in  about  the  same  concUtion  as  on 
entrj-.  The  sensorium  remained  clouded  for  several  days  after  the  attacks 
of  syncope,  but  slowly  cleared  up.  The  pulse  rate  in  the  meantime  had  been 
around  80  and  absolutely  irregular,  the  systohc  blood  pressure  varjing  from 
170  to  210  mm.  with  the  cUastohc  pressure  remaining  at  90  mm.  Hg. 
For  about  two  months  after  discharge  the  patient  was  examined  and 
electrocardiographic  tracings  made  at  weekly  intervals.  During  this 
time  the  circulation  remained  essentially  the  same  as  at  the  time  of  discharge. 
He  has  since  been  seen  at  less  frequent  intervals,  but  on  liis  most  recent 
visit  no  change  was  noted  in  his  condition.  Since  discharge  he  has  had  one 
transient  attack  of  faintness,  but  nothing  approacliing  those  observed  in 
the  hospital.     The  pulse  rate  has  varied  from  70  to  90  for  the  past  six  months. 

Discxission. 

As  far  as  we  are  aware,  there  have  been  no  reports  of  the  action  of 
quinidine  on  complete  heart-block  associated  with  auricular  fibrillation. 
In  our  case  there  was  complete  block  until  the  first  quinidine  was  administered. 
Thereafter  the  ventricular  rate  varied  from  30  to  70,  but  usually  was  regular 
\^-ith  a  rate  of  40  to  45  per  minute.  There  was  evidence  of  slo^ving  of  the 
auricular  rate.  But  our  case  is  presented  mainly  with  the  hope  that  it  may 
be  of  value  in  helping  to  explain  attacks  of  sjTicope  such  as  are  known 
occasionally  to  occur  under  quinidine. 

Couphng  of  the  ventricular  beats  was  noted,  and  in  addition  there  were 
several  series  of  rapid  ventricular  beats  with  a  rate  varj-ing  from  180  to  225 
per  minute.  Several  of  the  latter  paroxysms  are  shown  in  Figs.  8  and  10  : 
they  had  an  average  duration  of  seven  to  ten  seconds  and,  as  the  curves 
show,  were  ventricular  in  origin.  These  curves  are  not  curves  of  ventricular 
fibrillation,  for  while  thej-  were  taken  the  patient  retained  consciousness,  and 
a  forceful  apex-beat  and  a  bounding  rapid  pulse  were  noted  simultaneously. 
A  venous  curve  of  the  jugular  pulse  during  a  series  of  abnormal  ventricular 
beats  is  shown  in  Fig.  2.  Types  of  abnormal  ventricular  beats  occurring 
between  such  periods  of  tachycardia  are  shown  in  Fig.  1 1 .  Fig.  12,  however, 
represents  a  more  irregular  form,  and  the  rate  is  about  120  per  minute  ; 


VENTRICULAR     Fl  BRILL  AT  10  N  .  275 

the  curve  closely  resembles  that  described  by  Halsey.  This  curve  was 
obtained  during  an  attack  of  syncope  with  apparent  asystole  at  the  heart, 
which  further  supports  the  view  of  its  nature  ;  it  must  be  regarded  as 
fibrillation  of  the  ventricle,  or  a  condition  closely  allied  to  it.  But  if  Fig.  12 
is  a  curve  of  fully  developed  ventricular  fibrillation,  we  are  at  a  loss  to 
explain  Fig.  i>,  which  is  a  portion  of  a  curve  obtained  while  the  patient  was 
in  deep  syncope,  and  during  which  time  no  sound  could  be  heard  at  the 
heart,  and  the  pulse  was  imperceptible.  Three  of  such  curves  were  noted 
on  the  galvanometer  string,  all  occurring  during  the  same  attack  of  syncope. 
We  believe  that  the  latter  curve  (Fig.  9)  shows  a  more  advanced  process  than 
Fig.  12,  and  more  nearly  represents  ventricular  fibrillation  than  anj-  records 
of  the  human  subject  hitherto  pubhshed. 

The  observations  recorded  suggest  a  danger  of  quinidinc  therap\'. 
Other  authors  have  described  tachycardias  or  coupling  of  ventricular  beats 
under  quinidine.  Levy^  describes  such  occurrences  and  warns  tis  against 
the  further  administration  of  the  drug  when  such  findings  are  noted.  This 
author  mentions  four  cases,  reported  in  past  records,  where  cessation  of  the 
heart  and  respiration  with  s3aicope  were  noted.  Fortunatelj^  all  of  these 
patients  recovered.  It  is  possible  if  not  probable  that  ventricular  fibrillation 
was  present  in  these  cases  as  in  ours. 

The  observations  in  our  case  indicate  that  the  unfavourable  action  of 
the  drug  does  not  always  depend  on  the  precise  dosage.  It  will  be  noticed 
that  on  September  the  13th,  1921,  a  single  dose  of  0-4  of  a  gramme  was 
followed  by  a  bigeminal  pulse  for  a  brief  period.  On  September  the  14th 
a  dose  of  0-4  of  a  gramme  was  without  adverse  effect.  On  September  the 
15th  0-4  of  a  gramme  was  given  four  times,  and  on  September  the  16th 
0-4  of  a  gramme  three  times.  After  the  last  dose  there  was  a  brief  period 
of  syncope  followed  by  a  bigeminal  pulse  for  a  few  hours.  From  October  the 
20th  to  Xovember  the  3rd  the  patient  received  from  0-2  to  0-6  of  a  gramme 
daily  \\ithout  ill  effect.  Xo  further  quinidine  was  given  until  November 
the  8th  and  9th,  when  0-2  of  a  gramme  was  administered  four  times  in  each 
day.  After  the  last  dose,  on  November  the  9th,  the  attacks  of  syncope 
developed  and  the  curves  described  were  obtained. 

The  manner  in  which  quinidine  may  lead  to  fibrillation  of  the  ventricles 
remains  to  be  discussed  briefly.  Extensive  experimental  and  cfinical  studies 
with  quinidine  are  tlirowing  a  new  light  on  the  nature  of  fibrillation  of  the 
auricles.  Quinidine  is  known  to  bring  fibrillation  of  the  auricles  to  an  end 
in  many  cases  ;  and  this  action  is  ascribed  by  Lewis  and  his  co-workers^>*  to 
the  power  of  quinidine  to  prolong  the  refractory  period  of  the  auricular 
muscle.  Although  this  action  of  bringing  fibrillation  of  the  auricles  to  an 
end  is  clearlj'  estabhshed,  our  own  case  definitely  suggests  that  quinidine 
may  in  certain  circumstances  induce  fibrillation.  Are  these  two  conclusions 
necessarily  incompatible  ?  It  must  be  acknowledged  that  the  manner  in 
which  quinidine  may  produce  fibrillation  of  the  ventricles  is  not  fully 
understood.  The  underljing  question  has  been  briefly  discussed  by  Lewis  and 
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his  co-workers,"  -who  suggest  that  ventricuhir  cxtrasystoles  and  tacliycardia 
occurring  as  a  result  of  quinidine  administration  may  be  due  to  change  in 
the  refractory  period,  whereby  re-entry  of  the  excitation  wave  upon  the  path 
it  has  already  travelled  is  brought  about.  According  to  these  writers,  when 
fibrillation  prevails,  a  sufficient  lengthening  of  the  refractory  period,  by 
preventing  re-entry,  will  bring  the  underljang  circus  movement  to  an  end. 
They  hold,  however,  that  a  change  in  the  length  or  conduction  of  the 
refractory  period  from  normal  may  be  a  chief  factor  in  inducing  circus 
movement  and  state  that  a  remedy  such  as  quinidine,  which  tends  to  bring 
auricular  fibrillation  to  an  end,  is  not  necessarily  one  which,  given  in  smaller 
doses,  tends  to  ward  off  fibrillation,  but  that  the  contrary  may  be  the  case. 

Conclusions. 

1 .  A  case  of  auricular  fibrillation  and  complete  heart-block  is  reported 
in  which  coupling  of  the  ventricular  beats,  ventricular  tachycardia  and 
ventricular  fibrillation  occurred  while  under  treatment  with  quinidine 
sulphate. 

2.  The  periods  of  ventricular  tachycardia  suggest  a  circus  movement 
in  the  ventricle. 

3.  A  curve  is  shown  which  is  unhke  any  heretofore  published  from  the 
human  subject,  and  which  probably  represents  true  ventricular  fibrillation. 

4.  One  of  the  dangers  of  quinidine  therapy  is  emphasised. 

5.  This  case  of  recovery  from  ventricular  fibrillation  is  the  longest 
on  record,  the  patient  being  alive  nine  months  after  the  attack  was  observed. 
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Fig.  8.  Xovember  the  9tli,  1921,  7.43  p.m..  Record  made  just  before  fourth  attack  of  syncope 
at  l.i'y  iJ.m..  The  end  and  about  half  of  this  ciir\'e  is  shown.  The  patient  was  not  in 
syncope  when  tlie  record  wa.s  obtained.     A  similar  curve  was  ol)lained  at  7.40  p.m.. 
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I  al>out  half  of  this  curve  is  shown.  Xo  similar 
■.nities,  feeling  the  pul.se,  listening  to  heart,  or 
I ,  or  cough. 
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11.      .\ovemlier   the   'Ith,    1!I21.    S:i7   1..111..      Re.oril    olitaiMed  just    atter   a    -  ■     -    ■ 
ilefleelioiis  (not  shown  in  curve).      Xote  the  varyint;  shape  ot  the  ventricular  coniijle 


Fi;;.  {■>.  November  the  yth,  1921.  y.08  p.m..  Keoorcl  obtained  during  a  period  of  rapid  deflections 
lasting  about  a  minute  wliile  the  patient  wa.s  in  an  attack  of  syncope  of  three  minutes' 
duration.  Polygrajjli  tracings  from  the  apex  showed  no  movement  of  the  heart  from  9.0.S 
to  9.09  p.m..  Following  this  attack  the  heart  resumed  a  regidar  rhytlun,  rate  4.5.  N'o 
further  attacks  of  syncope  and  no  irregularities  were  noted  on  the  galvanometer  string  up 
to  11  ii.ni.,  when  observations  were  disc'ontinuetl.  This  cm-ve  resembles  tho.se  shown  by 
Halsov  as  ventricular  (ibrillation. 
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POST-MORTEM    NOTES    OF    DR.    J.    H.    STARLING'S     CASE    OF 
HEART-BLOCK. 

By  THOMAS  LEWIS.* 

(  Univerviti/  College  Hospital  School.) 

Ln  the  last  volume  of  this  Journal,  Dr.  J.  H.  Starling  reported  a  case  of 
lieart-block.  When  this  patient  first  came  under  observation  he  displayed 
transient  attacks  of  block.  I^sually  the  heart's  rhythm  was  normal,  but 
from  time  to  time  a  series  of  syncopal  attacks  occurred,  and  records  of  these 
attacks,  taken  by  Dr.  Starling,  showed  sudden  cessation  of  the  ventricular 
beat,  the  auricle  continuing  to  contract.  These  attacks  were  shown  to  be 
related  to  vagal  activity,  being  provoked  by  the  act  of  swallowing  and  being 
abolished  temporarily  by  atropine.  A  series  of  attacks  occurred  for  the 
last  time,  and  these  were  recorded,  on  May  the  30th,  1919.  On  June  the 
28th  and  July  the  31st,  1919,  on  January  the  8th,  August  the  12th  and 
November  the  11th,  1920,  complete  block  was  recorded,  the  ventricular 
rate  varying  between  38  and  48  beats  per  minute.  The  jjrevious  account 
of  this  patient  brings  the  history  of  the  case  to  the  last  date. 

Dr.  Starling  now  writes  that  the  patient  was  seen  in  January  and  June, 
1921,  and  that  the  condition  of  the  heart's  rhythm  was  then  unchanged. 
He  was  free  from  symptoms.  "  The  harvest  in  tliis  year  commenced  early, 
and  he  was  doing  his  full  day's  work.  On  August  the  3rd,  1921,  he  went 
out  as  usual  to  work,  having  made  no  complaint  of  feeling  in  any  way 
tiiffercnt,  and  was  found  dead  in  the  harvest  field  the  same  afternoon.  Dr. 
Owens,  of  Long  Stratton,  kindly  notified  me  of  this  event,  and  with  some 
difficulty  I  was  permitted  to  remove  the  heart  from  the  body,  but  no  further 
examination  was  allowed." 

Dr.  Starling  forwarded  the  heart  to  me  for  examination. 

Appearance  of  the  heart.  The  heart,  when  emptied  and  with  the  vessels 
cut  short,  weighs  540  grammes.  The  epicardium  is  thickened  shghtly  in 
places.  The  right  auricle  is  dilated,  the  right  ventricle  is  dilated  and 
hypertrophied.  The  edges  of  the  pulmonary  valves  are  thickened  ;  the 
tricuspid  valve  is  normal.  The  left  auricle  is  a  little  dilated  and  its 
endocardium  irregularly  thickened.  The  left  ventricle  is  dilated  and 
hypertrophied  equally  with  the  right  chamber.     There  is  a  sUght  degree 
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uf  tliickening  at  the  edge  of  the  mitral  segments,  and  a  few  small  yellowish 
deposits  in  the  flaps  of  the  valve  ;  otherwise  the  valve  is  normal.  The 
aortic  valves  are  a  good  deal  thickened  at  their  edges  bj-  fibrous  tissue  and 
small  masses  of  calcareous  tissue.  The  right  and  left  anterior  cusps,  from 
which  the  corresponding  and  dilated  coronary  arteries  spring,  are  thrown 
into  one,  the  original  line  of  sub-division  being  visible  as  a  ridge  in  the 
sinuses  of  Valsalva.  Below  the  junction  of  the  posterior  segment  with  its 
neighbour,  the  conjoined  cusp,  a  tumour  projects  into  the  cavity  of  the 
ventricle.  The  tumour  is  rigid  and  finely  nodular,  and  from  its  colour  and 
consistence  evidentlj-  contains  calcareous  matter.  The  mass  is  triangular 
in  shape,  the  point  projecting  upwards  and  being  firmly  fixed  to  what  was 
originally  the  rigiit  anterior  cusp  (see  Fig.  1).  The  surface  of  the  mass  is 
glistening  except  over  the  summits  of  the  small  nodules  of  calcareous  tissue  ; 
here  the  siu'face  is  rougher,  but  the  calcareous  tissue  is  not  exposed  to  the 
blood  stream.  Below  and  behind  tliis  tumour  the  endocardium  is  densely 
thickened  over  a  small  area.  The  calcareous  mass  lies  on  the  course  of  the 
left  division  of  the  bundle,  the  visible  root  of  which  can  be  traced  into  it 
from  below.  This  mass  does  not  project  through  the  septum  into  the  right 
ventricle.  A  few  small  fibro-calcareous  patches  are  seen  on  the  right  or 
posterior  papillary  muscle.  The  base  of  the  aorta  is  slightly  atheromatous, 
more  especially  in  and  around  the  sinuses  of  Valsalva.  The  coronary 
vessels  and  their  branches  are  dilated  and  atheromatous  throuohout  tlieir 


Hii'loloy!/. 

A  block  of  tissue,  including  the  coronary  sinus  and  septal  flap  of  the 
tricuspid  valve,  on  the  right  side,  the  nodule  of  calcareous  tissue  and 
corresponding  aortic  cusps  on  the  left  side,  was  excised.  The  calcified 
tissue  was  decalcified  after  hardening  in  formahn.  and  the  whole  embedded 
in  celloidin  and  cut  in  horizontal  serial  sections  from  above  downwards. 

The  a  uric  ulo -nodal  junction  is  normal.  The  auriculo-ventricular  node, 
wiiich  consists  of  very  many  interlacing  fibres,  loosely  embedded  in  fat,  is 
normal.  The  first  part  of  the  bundle  consists  of  densely  packed  fine  parallel 
muscular  fibres  and  is  normal.  The  connective  tissue  surrounding  the  first 
l)art  of  the  bundle  is  sparseW  invaded  by  h^mphocytes.  The  veins  in  the 
node  and  bordering  the  node  are  unusually  capacious.  The  first  part  of 
the  bundle  runs  horizontally,  in  its  second  half  it  bends  downwards,  and,  as 
it  bends,  it  becomes  flattened  from  side  to  side,  and  is  a  little  more  fibrous 
than  it  should  be  ;  there  are  also  small  collections  of  lymi^hocytes  in  its 
substance.  Shortly  after  the  bend,  a  space  develops  between  the  bundle 
and  the  fibrous  septum  ;  this  space  is  unlined  and  is  crossed  by  irregular 
connective  tissue  strands.  The  bundle  is  now  approaching  the  aortic  valve 
cusps  and  lies  more  to  the  left  than  is  usual,  being,  in  fact,  closer  to  the  cavity 
of  the  left  than  to  that  of  the  right  ventricle  ;  the  septum  is  here  densely 
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thickened  by  fibrous  tissue  in  which  are  large  unfilled  spaces.  A  Uttle  later 
the  bundle  is  level  \\'ith  the  calcareous  node  shown  in  Fig.  1.  This  node 
consists  of  a  mass  of  calcareous  material  broken  into  rounded  masses  by 
fibrous  septa,  the  whole  being  enclosed  in  a  thick  fibrous  capsule.  At  the 
level  of  the  attachment  of  the  aortic  cusps,  tMs  calcareous  mass  lies  on  a 
fibrous  base,  the  mass  itself  being  entirely  outside  the  limits  of  the  septal 
musculature  ;  but  when  lower  sections  are  examined  it  is  seen  to  penetrate 
more  and  more  into  the  septum  until  it  comes  to  occupj'  an  almost  central 
position  still  distorting  the  endocardium  of  the  left  ventricle  and  approaching 
closely  to  that  of  the  right  ventricle.  When  the  bundle  reaches  this  central 
mass  it  divides,  and  here  it  is  heavily  damaged,  the  capsule  of  the  nodule 
being  in  contact  with  the  bundle  division.  The  binidle  divi.sion  is  invaded 
by  many  fibrous  strands  from  this  capsule,  and,  like  the  capsule,  is  densely 
infiltrated  with  lymphocytes.  The  left  division  of  the  bundle  is  traced  in 
the  capsule  of  the  nodule,  pursuing  its  course  for  a  short  distance  on  its 
endocardial  surface,  where  it  is  speedily  replaced  by  fibrous  tissue  and  can  no 
longer  be  followed.  Remnants  of  the  right  division  are  traced  along  the 
posterior  and  upper  surface  of  the  nodule  for  a  short  distance  :  it  is  rapidly 
incorporated  and  lost  in  the  fibrous  capsule.  The  whole  of  this  region  of 
the  septum  is  fibrous  and  infiltrated. 

Interpretation.  There  is  no  material  interference  with  A-V  node  or 
-4-1'  bimdle  over  tlie  first  half  of  its  course.  A  calcareous  deposit  densely 
covered  in  and  divided  bj'  fibrous  strands  has  its  seat  in  the  septum  just  in 
front  and  below  the  bundle  division.  It  forms  a  saddle  over  which  the  bundle 
divides  ;  the  division  is  in  close  contact  with  the  capsule  of  this  nodule, 
and  shows  evidence  of  a  chronic  inflammatory  process  by  which  it  is  heavily 
invaded  ;  the  two  bundle  branches  have  their  brief  coiurse  in  this  fibrous 
capsule,  in  wliich  all  trace  of  them  is  speedily  lost,  remants  of  the  left  branch 
continuing  for  a  Uttle  way  in  the  fibrous  tissue  beneath  the  left  septal 
endocardium.  There  appears  therefore  to  be  a  complete  breach  in  the 
conducting  tissues,  which,  so  it  is  judged,  must  have  been  destroyed  for  a 
period  of  at  least  manj"  weeks  or  months.  The  calcareous  nodule  appears 
to  have  developed  centrally  and  to  have  expanded  towards  the  left  ventricle, 
dragging  the  bundle  across  with  it  and  distorting  it. 


COMMKNT. 

This  case  presents  points  of  unusual  pathological  interest.  Some  few 
years  ago  I  reported^  a  case  in  which  attacks  of  a  similar  land  occiu-red, 
namely,  attacks  of  sudden  cessation  of  the  ventricular  beat,  the  auricular 
contractions  continuing.  As  in  the  present  case,  during  the  intervals 
between  attacks  the  man  was  well  and  the  mechanism  of  the  heart  was  quite 
normal.  Eventuall}- the  first  patient  developed  complete  block  and  died  of  it. 
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In  these  features,  therefore,  the  case  resembles  that  of  Dr.  .Starhng  ;  but 
his  case  differs  from  it  in  an  important  respect ;  whereas  mj-  own  case  failed 
to  react  to  atropine,  his  case  did  react,  and  clear  evidences  of  a  relation 
between  the  attacks  and  the  vagus  nerve  were  produced.  Nevertheless, 
despite  this  preUminary  evidence  of  vagal  involvement,  the  man  developed 
complete  block  and  died  of  it,  presenting  post-mortem  a  complete  and  old- 
standing  lesion  of  the  conducting  tract.  Tliis  illustration  warns  us  that  in 
cases  of  transient  block,  even  though  clear  evidence  is  forthcoming  that  the 
vagus  is  immediately  responsible  for  the  attacks  of  heart-block,  it  is  still 
unjustifiable  to  conclude  that  an  abnormal  vagal  action  is  primarily  or  wholly 
responsible  for  the  patient's  symptoms.  In  the  present  case  the  most 
reasonable  \dcw  appears  to  be  that  owing  to  disease  of  the  junctional  tissues, 
natural  vagal  impulses  were  from  time  to  time  associated  with  conspicuously 
exagfjerated  reactions. 

The  second  point  of  interest  is  the  lesion  itself.  Through  the  Idndness 
of  Dr.  H.  G.  Butterfield  I  have  had  the  opportunity  of  examining  another 
case  in  wliich  a  very  similar  lesion  existed.  It  consisted  of  a  rounded  nodule 
of  fibro-calcareous  tissue,  about  a  centimetre  in  diameter  and  projecting  into 
the  left  ventricle  from  the  septum  in  precisely  the  same  situation  as  the 
lower  part  of  the  nodule  here  described.  The  lesion  in  his  patient  was  not, 
however,  quite  so  simple  as  that  of  Dr.  Starhng"s  case.  The  calcareous  node 
joined  a  calcareous  bar  which  was  continued  backwards  in  the  septum  at  a 
sUghtly  lower  level  as  far  as  the  aortic  flap  of  the  mitral  valve.  Dr. 
Butterfield's  specimen  was  taken  from  a  case  of  complete  and  chronic 
heart-block,  but  his  sections  failed  to  show  an  actual  breach  in  the  continuity 
of  the  bundle,  which  was  but  little  invaded  by  actual  disease.  I  call  to  mind 
a  report*  of  a  third  case  in  which  the  lesion  was  similar  to  that  described 
in  the  present  note  and  occupied  an  identical  position,  projection  into  the 
cavity  of  the  left  ventricle.  It  is  suggested  that  lesions  of  this  kind  may  be 
consequent  upon  disease  of  a  particular  branch  of  a  septal  artery,  and  that 
it  might  be  \iise.  when  a  further  opportunity  presents  itself,  to  study  in  such 
a  specimen  the  vascular  supply  of  the  septum  by  the  method  of  ijijeetion. 


KE1'EREXCE8. 
Lewis.      '■  Lectures  on  the  Heart,"  Xew  York,  191o,  104. 
Stabuku.      Hvart,  1921,  vm,  31 


A  published  repoit  to  which  I  am  no  longer  able  to  find  the  reference. 


H  EA  RT-BLOC  K     POST-MORT  E  M  . 


m  F 


rm 


I 


V? 


n 


COMPARISON    OF    THE    ACTION    OF    QUINIDINE    WITH    OTHER 
CINCHONA  ALKALOIDS   IN   AURICULAR   FIBRILLATION.* 

By  R.  T.  GRANT  and  C.  C.  ILIESCU. 

(  University  College  Hospital  Medical  School. ) 


In  this  article  further  observations  on  the  action  of  the  cinchona  alkaloids 
upon  the  hearts  of  patients  suilering  from  auricular  fibrillation  are  described. 
Several  of  these  alkaloids  have  been  investigated  experimentally  and 
clinically  by  other  workers.  Santesson,''  in  experiments  on  rabbits  and 
frogs  estimated  the  minimal  concentration  of  cinchonine,  quinidine,  quinine 
and  cinchonidine,  required  in  a  jierfusing  fluid  to  bring  the  ventricle  to  a 
standstill  and  found  that  while  cinchonine  and  quinidine  were  of  equal 
potency,  the  concentration  required  b}-  the  last  three  alkaloids  were  in  the 
proportions  1,  2  and  5.  He  noticed  also  that  the  relative  potency  of  the 
four  alkaloids  is  similarly  ordered  when  lowering  of  the  ventricular  rate 
is  taken  as  t'le  measure.  Langlois,^  experimenting  on  different  mammals, 
described  cinchonidine  as  being  less  active  in  producing  clonic  spasms  than 
cinchonine.  Using  the  tortoise's  ventricle,  Fredericq^  found  that  the 
levorotatory  alkaloids  quinine  and  cinchonidine  were  more  toxic  than  the 
dextrorotatory  alkaloids  cinchonine  and  quinidine,  the  equal  toxic  effects 
being  produced  by  solutions  of  the  drugs  in  the  order,  stated  in  this  sentence, 
in  the  strengths  per  1,000  of  2-5,  4,  5,  10.  It  is  to  be  pointed  out  that  the 
foregoing  observations  are  related  only  indirectly  to  those  of  the  present 
communication,  which  deals  solely  with  the  potency  of  the  several  alkaloids 
to  reduce  the  rate  of  the  fibrillating  auricle.  From  this  standpoint 
von  Frey's  observations  are  of  more  significance.  Frey,^  in  treating  auricular 
fibrillation,  found  that  cinchonine  had  no  appreciable  effect,  and  stated  that 
the  most  active  of  the  alkaloids  is  quinidine. 

Preparations  used.  The  actions  of  four  alkaloids  are  compared,  namely, 
those  of  quinidine,  cinchonidine,  cinchonine  and  quinine.  As  before,*  we 
are  indebted  to  Messrs.  Howard  and  Sons,  of  llford,  for  these  drugs.     The 

♦Woiking  on  behalf  of  the  Medical  Research  Covmcil. 


^00 


G  RA  X  T     A  N  I)     ILIESCV 


physical  properties  and  degrees  of  purity  of  the  preparations  as  supplied 
are  given  below  in  Table  1,  information  for  which  we  are  indebted  to 
Drs.  Blagden  and  Chick. 


— 

Specific 
rotation.* 

Melting 
point. 

Impurities.t 

Quinidine    .. 

-  323°  4.5' 

172-3°C. 

Less  than  Oo"o  hydroquinidine. 

Quinine 

—  265°     0' 

172-7°C. 

Less  than  0-5%  cinchonidine. 

Cinchonidine 

-173°   15' 

2110°C. 

Less  than  0-5%  quinine. 

Cirulionine  .  . 

+  255°  37' 

264  O^C. 

Less  than  Oy>o  hydrocinchonine. 

*  2  0  grammes  anhydrous  base  dissolved  in  5  c.c.  HCl  of  specific  gravity  1-16,  and  made  up 
to  100  c.c.  with  water  at  17°  C. 


t  The  quantities  of  impurity  here  stated  are  approximate. 


Methods  of  testing  the  alkaloids  clinically.  The  method  used  was  the 
same  as  that  described  in  a  previous  paper,*  namely,  the  administration  of 
single  test  doses  of  the  drugs  to  each  of  a  series  of  patients,  under  conditions 
kept  so  far  as  possible  imiform.  Briefly  the  routine  was  as  follows.  Before 
the  administration  of  the  alkaloids  the  patients  were  left  at  rest  for  about  a 
week  or  when  they  had  been  under  chgitaUs  up  to  the  time  of  admission  this 
period  was  increased  to  ten  days  or  more.  At  the  end  of  this  time  a 
preUminarj^  dose  of  the  alkaloid  to  be  tested  was  given,  usually  0-2  of  a 
gramme,  in  order  to  ascertain  the  patient's  tolerance  for  the  drug.  Forty- 
eight  hours  were  allowed  to  elapse  between  this  prehminary  dose  and  the 
actual  test  dose.  On  the  morning  of  the  test  dose  the  patients  were  brought 
to  the  laboratory  at  9.15  a.m.,  having  had  their  usual  breakfast  at  6  a.m. 
and  bread  and  milk  at  8.30  a.m.,  and  after  Ij-ing  down  at  rest  till  10  a.m. 
were  connected  -ndth  the  galvanometer  by  direct  chest  leads  and  records 
were  taken  at  intervals  of  ten  minutes.  At  11  a.m.  the  test  dose  was 
administered  and  records  were  taken  every  twenty  minutes  tiU  4  p.m.. 
The  patients  remained  Ijang  down  throughout  the  observation,  with  the 
exception  that  they  were  allowed  up  for  lunch  between  1  and  1.15  p.m.. 
The  rates  charted  are  the  average  reading  from  the  strips  of  curve.  In  the 
case  of  the  auricular  rate  the  time  occupied  by  10  oscillations  in  each  of  three 
strips  of  curve  is  averaged  and  the  rate  per  minute  calculated.  The 
ventricular  rate  in  beats  per  minute  is  calculated  from  the  average  of  the 
number  of  ventricular  cycles  occurring  in  10  seconds  in  each  of  the  three 
strips. 
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The  form  am}  time  relation  of  the  reactions.  Each  of  tlio  four  drugs  gives 
(he  same  type  of  reaction,  with,  however,  variations  in  intensity  and  time 
relations.  The  reaction  is  the  same  as  that  previously  described,  namely, 
a  fall  of  auricular  rate  followed  by  a  gradual  return  towards  the  original  level 
and  at  the  same  time  a  rise  of  ventricular  rate  also  followed  by  a  gradual 
return  towards  and  to  their  original  level. 
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Fif!.  1.  Case  1.  A  cliart  comparing  the  effects  on  the  auricular  and  ventricular  rates  of  equal 
test  closes  of  quinidine,  cinchonidine,  cinchonine  and  quinine,  given  in  single  doses  of  0(i 
of  a  gramme  on  the  8th,  13th,  31st  of  March,  and  the  4th  of  April,  respectively. 


Comparison  of  the  reactions  of  the  allied  alkaloids. 

Complete  charts  of  two  of  the  cases  (Figs.  1  and  2)  are  shown  to  illustrate 
the  variations  in  intensity  and  time  relation  of  the  reactions  to  each  of  the 
four  drugs. 

In  Fig.  1  the  test  dose  was  constantly  OG  of  a  gramme.  Under  quinidive 
the  auricular  rate  before  the  administration  of  the  drug  was  about  427 
oscillations  per  minute.     In  20  minutes  the  rate  commenced  to  fall  and 
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continued  falling  for  a  total  of  3  hours,  when  it  reached  the  minimal  point 
at  283  per  minute.  This  low  level  was  maintained  for  about  an  hour,  and 
thereafter  the  rate  rose  slowly  and  at  the  end  of  the  observation  (4  p.m.) 
had  risen  to  300.  The  difference  between  the  initial  rate  of  oscillation  and 
the  minimal  point  was  144.  The  initial  ventricular  rate  averaged  85  beats 
per  minute.     After  20  minutes  this  had  fallen  to  76.     Twenty  minutes  later 


TABLE  II. 

Conipririaoti  oj  quhvicUne,  cinchonidine,  cinchonine  and  quinine  in 


seven  cases. 


Date. 

Alkaloid. 

Dose 

in 
grms. 

Auricular  rate. 

Ventricular  rate. 

Case 

Before. 

After. 

Before. 

After. 

1. 

March 

8     .. 

Quinidine 

0-6 

427 

283* 

296t 

85 

130 

13     .. 

Cinchonidine     . . 

0-6 

418 

320 

350 

76 

114 

31      .. 

Cinchonine 

0-6 

450 

372 

402 

88 

135 

April 

4     .  . 

Quinine 

06 

444 

394 

420 

81 

96 

9 

March 

13     .. 

Quinidine 

00 

520 

320 

322 

79 

124 

20     .. 

00 

511 

350 

390 

81 

118 

27      .. 

Cinchonine 

00 

510 

400 

430 

79 

140 

„ 

31      .. 

Quinine 

0-6 

510 

372 

430 

73 

90 

3. 

April 

3      .. 

Quinidine 

04 

623 

390 

470 

64 

70 

0     .. 

Cinchonidine     .  . 

04 

004 

444 

495 

58 

79 

10      .. 

Cinchonine 

0-4 

018 

460 

525 

60 

103 

13     .. 

Quinine 

0-4 

004 

500 

500 

56 

60 

4. 

April 

3     .. 

Quinidine 

0-4 

497 

384 

410 

91 

128 

0     .. 

Cinchonidine     .  . 

0-4 

501 

380 

428 

85 

120 

10     .. 

Cinchonine 

04 

502 

400 

470 

86 

134 

„ 

13     .. 

Quinine 

04 

518 

440 

470 

89 

83 

5. 

6     .. 

Quinidine 

0-4 

472 

324 

300 

80 

120 

13      .. 

0-4 

471 

362 

425 

79 

120 

10     .. 

Cinchonine 

04 

474 

352 

440 

79 

132 

,. 

20     .. 

Quinine 

0-4 

403 

398 

435 

09 

G. 

June 

6     .. 

Quinidine 

0-4 

472 

290 

330 

83 

115 

13     .. 

Cinchonidine     . . 

0-4 

474 

318 

345 

69 

116 

16     .. 

Cinchonine 

0-4 

469 

335 

385 

77 

129 

„ 

20     .. 

Quinine 

04 

472 

358 

392 

83 

110 

7. 

June 

6     .. 

Quinidine 

0-4 

438 

310 

340 

77 

95 

13     .. 

Cinchonidine     . 

0-4 

437 

352 

305 

16     .. 

Cinchonine 

04 

441 

370 

380 

116 

'• 

20     .. 

Quinine 

04 

440 

388 

410 

78 

84 

Minimal  point  of  initial  fall. 


t  .About  4  hours  after  dose. 


the  rate  rose  to  81  and  this  rise  continued  to  12.40  p.m.,  when  the  maximal 
rate  of  130  beats  per  minute  was  reached — a  rise  over  the  initial  rate  of  45 
beats  per  minute. 

Under  cinchonidine,  given  5  days  later,  the  auricular  rate  in  the  same 
patient  fell  from  418  to  320  in  three  hours,  a  fall  of  98  beats.  The  ventricular 
rate  fell  from  an  initial  level  of  7G  to  71  in  20  minutes   and   thereafter  rose 
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to  the  maximal  rate  of  114  at  12.40  p.m..     This  was  followed  by  a  gradual 
return.     The  maximal  rise  was  38  beats  over  the  initial  level. 

Under  cinchonine.  given  18  daj's  after  the  administration  of  cinchonidine, 
the  auricular  rate  fell  from  450  to  372  in  2  hours  and  40  minutes,  a  fall  of 
only  78  oscillations  per  minute.  The  ventricular  rate,  however,  showed  a 
conspicuous  rise.  The  initial  level  was  88  ;  the  administration  of  the  test 
dose  was  followed  by  a  slight  fall  as  is  usual  and  then  the  rate  rose  sharply 
to  135  at  12  noon,  a  rise  from  the  initial  level  of  47  beats  per  minute. 


Fig.  2.  Case  6.  A  chart  comparing  the  effects  on  auricular  and  ventricular  rate  of  equal 
test  doses  of  quinidine,  cinchonidine,  cinchonine  and  quinine  given  in  single  doses  of  0-4 
of  a  gramme  on  the  6th,  13th,  16th  and  20th  of  June,  respeotivelv. 


Under  quinine,  given  4  days  later,  the  reaction  was  very  small.  The 
auricular  rate  showed  a  fall  of  only  50  oscillations,  from  444  to  394,  while 
the  ventricular  rose  only  15  beats  from  81  to  96. 

In  Fig.  2  reactions  to  the  four  alkaloids,  similar  to  those  of  Fig.  1,  are 
illustrated  in  a  second  patient,    the  test  doses  in  this  case  being  0-4  of  a 
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gramme.  The  results  for  the  whole  serie.s  of  seven  patients  are  summariserl 
in  Table  II. 

Of  the  four  alkaloids  tested,  quinidine  has  uniformlj-  the  most  powerful 
effect  in  reducing  the  rate  of  the  auricular  oscillation.s.  For  the  seven  patients 
the  fall  from  the  initial  level  to  the  minimal  point  averaged  161  oscillations 
per  minute.  Cinchonidine  follows  with  an  average  fall  of  126.  Case  4 
constitutes  single  and  slight  exception  to  this  order  ;  in  this  patient  the 
auricular  rate  under  cinchonidine  showed  a  slightly  larger  fall  than  that 
obtained  under  quinidine,  the  difference,  however,  being  small  (8  oscillations). 

Third  in  order  is  cinchonine  with  an  average  fall  of  109  beats.  There 
is  also  a  single  exception  here  in  Case  5,  the  auricular  rate  faUing  13 
oscillations  lower  with  cinchonine  than  with  cinchonidine.  Quinine  gives 
uniformly  the  smallest  reaction,  the  average  fall  being  only  86  beats  per 
minute. 

If  the  readings  are  taken  when  the  curves  are  rising,  for  example  at 
about  4  hours  after  the  test  doses  are  given,  3  p.m.,  it  is  found  that  this  same 
order  holds  good,  namely,  quinidine,  cinchonidine,  cinchonine  and  qiiinine, 
the  first  being  the  most  powerful. 

As  regards  their  effect  on  the  rate  of  ventricular  beating  the  alkaloids 
fall  into  a  different  order.  The  most  conspicuous  and  usually  the  earhest 
rise  of  ventricular  rate  is  brought  about  by  cinchonine.  In  five  of  the 
patients  the  maximal  point  was  reached  within  an  hour  after  the  adminis- 
tration of  the  test  dose.  In  the  two  other  patients  the  maximal  ventricular 
rate  was  reached  after  the  same  interval  as  in  the  case  of  the  other  alkaloids. 

Next  in  order  come  quinidine  and  cinchonidine,  both  causing  about 
the  same  increase  of  ventricular  rate.  Quinine  yields  little  or  no  ventricular 
reaction. 

A  further  note  remains  to  be  added  with  reference  to  the  effect  of  these 
alkaloids  on  the  ventricular  rate.  It  has  been  noted  in  these  observations 
that  before  the  rise  occurs  there  is  a  tendency  for  the  ventricular  rate  to  fall 
sliglitly  during  the  20  or  40  minutes  following  the  administration  of  the  test 
dose.  On  looking  back  over  our  previous  laboratory  charts  of  the  reactions 
to  quinidine  and  hydroquinidine  the  same  tendency  is  also  to  be  seen.  This 
prehminary  fall  did  not  occur  in  every  case,  but  its  appearance  was  sufficiently 
frequent  to  eliminate  its  being  due  to  accidental  variations. 
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Proctocols  of  case  notes. 

W,'.  H.  A  man  aged  53.  Admitted  to  hospital  on  March  the  Gth,  1922.  Xo  liistory 
of  rheumatic  fever.  Cardiac  sjTnptoms  for  4  years.  Mitral  stenosis  and  auricular 
fibrillation,  the  last  known  to  have  been  present  for  two  weeks  and  probably  present 
for  4  years.     Xo  signs  of  congestion.     Heart  slightly  enlarged.     Poor  exercise  tolerance. 

E.  P.  A  man  aged  29.  Admitted  on  Februarj-  the  2oth,  1922.  No  history  of 
rheumatic  fever.  Cardiac  symptoms  for  3  years.  Mitral  stenosis  and  auricular 
fibrillation,  the  last  known  to  have  been  present  for  14  months.  Xo  signs  of  congestion. 
Xo  definite  signs  of  enlargement.     Poor  exercise  tolerance. 


Caw  3.  W.  O.  A  man  aged  29.  Admitted  on  March  the  27th.  1922.  No  history  of  rheumatic 
fever,  but  of  syphilis.  Cardiac  symptoms  for  7  years.  Mitral  stenosis  and  auricular 
fibrillation,  the  last  known  to  have  been  present  for  4  weeks,  and  probably  present 
for  7  years.     N'o  signs  of  congestion.     Heart  slightly  enlarged.     Poor  exercise  tolerance. 

Cnxe  4.  J.  M.  A  man  aged  45.  Admitted  on  March  the  27th,  1922.  Xo  history  of  rheumatic 
fever.  Cardiac  symptoms  for  4  years.  Aiu-icular  fibrillation  known  to  have  been 
present  for  22  months.  Xo  definite  signs  of  congestion.  Heart  slightly  enlarged. 
Poor  exercise  tolerance. 

Case  5.  G.  C.  A  man  aged  3ti.  Admitted  AprU  28th,  1922.  Xo  historj-  of  rheumatic  fever. 
Cardiac  symptoms  for  4  years.  Mitral  stenosis  and  auricular  fibrillation,  the  last  known 
to  have  been  present  for  S  weeks  and  probably  present  for  10  weeks.  Xo  signs  of  con- 
gestion.    Heart  moderately  enlarged.     Good  exercise  tolerance. 

Case  C.  S.  M.  A  man  aged  39.  Admitted  on  May  the  31st,  1922.  Historj-  of  previous 
rheiunatic  fever.  Cardiac  sj'mptoms  for  5  years.  Mitral  stenosis  and  auricular 
fibrillation,  the  last  known  to  have  been  present  for  2  weeks,  and  probably  present 
for  4  weeks.  Xo  signs  of  congestion.  Heart  moderately  enlarged.  Poor  exercise 
tolerance. 

Case  7.  .J.  S.  A  man  aged  59.  Admitted  on  May  the  Uth,  1922.  Xo  history  of  rheumatic 
fever.  Cardiac  symptoms  for  7  years.  Fibrillation  of  auricles  known  to  have  been 
present  for  10  months.  No  definite  signs  of  congestion.  Heart  slightly  enlarged. 
Poor  exercise  tolerance. 


COXCLUSIOXS. 

1.  In  clinical  fibrillation  of  the  auricles  the  rate  of  the  auricular 
oscillation.s  is  reduced  by  the  four  alkaloids,  quinidine,  cinchonidine,  cinchonine 
and  quinine.  The  alkaloids  are  named  in  the  order  of  their  relative  potency  ; 
this  order  is  almost  constant,  and  such  exceptions  as  occur  are  trivial. 

2.  The  relative  effects  on  the  ventricle  are  differently  ordered  ;  the 
ventricular  rise  is  earhest  and  greatest  under  cinchonine,  which  appears 
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to  possess  a  special  action  in  this  respect  ;  quinine  has  Uttlc  or  no  action 
on  the  ventricle  in  the  doses  given  :  quinidine  and  tinchonidine  occupy  ati 
intermediate  position. 

3.  The  rise  of  ventricular  rate  which  occurs  in  cases  of  auricular 
fibrillation  treated  with  test  doses  of  quinidine,  hydroquinidine,  cinchonidine 
and  ciiichonine  is  usually  preceded  by  a  brief  preliminary  fall  of  rate. 
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OBSERVATIONS  ON  A  CASE  OF  VENTKICULAR  TACHYCARDIA 
WITH  RETROGRADE  CONDUCTION. 

By  R.  W.  SCOTT. 

(From   the   Dcparlincnt  of  Medicine,    Welkin    Reserve   Medical  School. 
Cleveland,    U.S.  A.) 


Tins  paper  deals  with  the  ehiiieal  and  electrocardiographic  studies  of  a 
patient  who  was  subject  to  paroxysmal  attacks  of  rapid  heart  action,  the 
frequency  and  severity  of  which  virtually  rendered  the  individual,  otherwise 
normal,  a  cardiac  invalid.  The  case  is  of  interest  because  (1)  it  is  a  clear 
example  of  ventricular  tachycardia,  (2)  the  etTects  of  several  drugs  were 
studied  in  connection  with  the  irregularity,  (3)  the  disorder  was  controlled 
by  quinidine  upon  which  the  patient  later  became  dependent. 

Undoubted  cUnical  examples  of  paroxysmal  tachycardia  originating 
at  an  ectopic  site  in  the  ventricle  are  rare.  Past  writings  contain  electro- 
cardiographic records  of  about  twenty  cases  considered  bj^  the  authors  as 
paroxysmal  tachycarcUa  of  ventricular  origin,  but  the  evidence  for  the 
diagnosis  is  not  entirely  convincing  in  more  than  one-half  of  the  cases. 
Frequently  the  records  presented  are  those  obtained  during  a  paroxysm,  so 
that  the  first  or  last  beat  is  not  recorded  :  consequently  it  is  difficult  and  in 
some  cases  impossible  to  determine  the  exact  origin  of  the  paroxysms. 
Anomalous  configuration  of  the  ventricular  complexes  alone  is  not  sufticient 
to  estabhsh  their  origin,  since  it  is  well  known  that  aberrant  ventricular 
conduction  may  appear  during  a  high  cardiac  rate  to  return  to  normal 
when  the  tachj'cardia  ceases.* 

In  unmistakable  examples  of  ventricular  tachycardia  the  electrocardio- 
gram shows  the  paroxysms  to  consist  of  a  succession  of  ventricular 
extrasystoles,  the  first  beat  of  the  paroxysm  having  the  same  relation  to 
the  preceding  normal  mechanism  as  has  the  ventricular  extrasystole, 
while  the  last  beat  is  followed  by  a  definite  pause  such  as  is  frequently  seen 
after  a  single  extrasj'stole  arising  in  the  ventricle.  Records  of  cases  fulfilling 
these  requirements  have  been  pubhshed  by  Lewis,®  Hart,'  Cohn,^  Huut,*^ 
Vaughan,"  Winius,'^  White, ^  and  Gallavardin.^ 

*  Records  iUustrating  this  point  are  shown  in  Figs.  242,  243,  247  and  248  of  Lewis's  book, 
'■  The  Mechanism  and  Graphic  Registration  of  the  Heart  Beat,"  London,  1920. 
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Failing  to  obtain  a  record  of  tlie  first  or  last  complex  of  a  paroxysm, 
the  next  most  reliable  criterion  is  the  appearance  in  the  record  of  definite  P 
deflections  showing  that  the  auricles  are  contracting  at  a  slower  rate  and 
independent  of  the  ventricles.  Added  security  for  the  diagnosis  is  afforded 
by  the  occurrence  of  isolated  ectopic  ventricular  complexes  having  the  same 
configuration  as  those  seen  during  the  paroxj-sm.  Robinson  and  Herrmann^" 
have  recently  reported  four  cases  which  they  interjDret  as  ventricular 
tachycardia,  but  the  diagnosis  in  three  of  their  cases  appears  open  to  criticism 
on  the  ground  that  they  may  be  examples  of  aberrant  ventricular  conduction 
occurring  only  during  periods  of  rapid  heart  rate.  The  records  from  one 
of  their  cases,  however  (Case  2),  show  definite  waves  of  auricular  activity 
appearing  at  a  slower  rate  and  quite  independently  of  the  ventricles,  which 
is,  of  course,  strong  evidence  in  favour  of  the  diagnosis. 

Clinical  history.  The  patient,  A.  W.,  a  female  of  39  years,  single,  and 
occupied  as  a  secretarj^,  first  came  under  observation  in  January,  1921. 
There  was  a  vague  history  of  rheumatic  fever  at  22  years  of  age,  and  a  j'ear 
later  she  had  an  illness  lasting  about  two  weeks,  wliich  was  looked  upon  as 
typhoid  fever.  About  ten  years  ago  she  first  experienced  slight  attacks  of 
■■  palpitation  of  the  heart,"  but  they  were  so  ephemeral  and  occurred  so 
infrequently  that  little  attention  was  given  to  them.  However,  in  the  cour.se 
of  six  or  seven  years  they  became  more  frequent  and  when  continuing  for  a 
few  hours  were  accompanied  by  faintness  and  vertigo.  Finally  in  the  early 
part  of  1920  the  attacks  became  so  severe  that  the  patient  was  forced  to 
give  up  work  and  lead  the  life  of  a  semi -invalid.  It  appeared  from  her 
account  that  latterlj'  any  slight  exercise,  such  as  walking  rajsidly  or  ascending 
stairs  precipitated  the  attacks,  wliich  continued  on  different  occasions 
from  one  to  forty-eight  hoiu's.  The  patient  had  observed  that  the  more 
severe  attacks  of  rapid  heart  action  never  began  nor  ended  abruptly,  there 
being  a  transition  stage,  during  which  appeared  what  was  interpreted  as 
normal  beats  interspersed  with  abnormal  ones.  Subsequent  records  revealed 
the  accui-acy  of  tliis  observation.  The  patient's  account  of  the  gradual 
development  and  ending  of  attacks  suggested  that  she  was  not  suffering 
from  the  ordinary  paroxysmal  tachycardia  of  auricular  origin,  in  which 
the  paroxysmal  nature  of  attacks  is  a  characteristic  feature. 

Physical  examination.  When  first  seen  by  the  writer  the  patient  had 
what  she  called  a  "  mild  attack,"  wliich  had  lasted  for  two  days.  On  inspection 
of  the  precordial  area  with  the  patient  sitting  ujiright,  one  observed  a 
definite  irregularity.  Five  or  more  rapid  and  unusually  forcible  cardiac 
impulses  alternated  with  two  impulses  which  ajjjieared  normal  as  to  rate, 
force,  and  position.  The  relatively  thin  chest  of  the  patient  made  it  possible 
to  observe  the  curious  change  of  position  of  the  maximum  cardiac  impulse  : 
situated  over  the  conus  during  the  paroxysm,  it  appeared  at  the  apex  with 
the  less  forcible  beats.     Each  paroxysm  ended  abruptly  and  was  followed 
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by  a  definite  i)ause.  This  is  clearly  shown  in  the  record  (Fig.  1)  obtained 
at  the  first  examination. 

An  unusual  variation  in  the  volume  of  the  pulse  was  observed,  namely, 
during  the  tachj^cardia  when  the  heart  was  beating  forcibly  against  the  chest 
wall,  the  pulse  in  the  accessible  arteries  was  barely  palpable,  whereas  a  quite 
normal  volume  was  felt  corresponcUng  to  the  two  normal  beats.  The 
systolic  blood  pressure  was  85  mm.  Hg  during  the  paroxysms  and  110  mm. 
with  the  normal  contractions.  Inspection  of  the  neck  vessels  showed  that 
with  each  period  of  tachycardia  there  was  a  conspicuous  pulsation  over 
both  jugular  bulbs  and  veins,  more  pronounced  on  the  right,  and  similar 
to  that  seen  in  cases  of  insufficiency  of  the  tricuspid  orifice.  This  stopped 
short  with  each  paroxysm,  a  pause  followed  and  then  two  normal  central 
venous  pulses  occurred.  The  exact  relation  of  the  jugular  pulse  to  the 
cardiac  mechanism  is  shown  in  Fig.  2,  which  as  a  simultaneous  record  of 
the  electrocarcUogram  (L  2),  and  the  right  jugular  pulse  registered  optically 
with  the  Frank  capsule.  The  jugular  tracing  in  this  record  shows  a 
phenomenon  which  was  very  apparent  on  inspection,  with  the  onset  of  a 
paroxysm  the  jugular  pulse  gradually  increased  in  force  for  about  six  beats, 
reaching  a  certain  maximum  which  was  then  maintained  throughout  the 
paroxj^sm.  The  conspicuous  (A)  wave  in  the  jugular  is  no  doubt  due  to 
the  fact  that  during  a  paroxysm,  auricular  systole  occurred  while  the  ventricle 
was  in  a  state  of  contraction  :  consequently  the  blood  in  the  auricle  was 
ejected  backward  into  the  veins.  Further  examination  of  the  patient 
showed  no  demonstrable  cardiac  enlargement  to  percussion.  On  auscultation 
during  the  tachycardia  one  heard  exaggerated  heart  sounds  wliich  were  in 
shai-p  contrast  to  the  quiet  normal  sounds  accompanying  the  slow  rate. 
At  no  time  were  any  adventitious  sounds  audible. 

After  some  insight  into  the  nature  of  the  cardiac  disorder  was  obtained 
from  the  electrocardiogram,  the  patient  was  advised  to  come  into  the  hospital 
for  further  stud}-.  For  a  few  days  she  was  kept  at  absolute  rest  and  given 
triple  bromides,  gr.  xv,  q.i.d..  With  this  regime  the  cardiac  mechanism 
was  normal  most  of  the  time,  though  occasionally  a  single,  or  a  series  of 
two  or  three  extrasystoles  showing  the  same  configuration  as  those  seen 
during  the  attacks  were  observed.  Fluoroscopic  and-X  ray  studies  showed 
normal  lungs  and  normal  size  and  position  of  the  heart  and  aorta.  The 
Wassermann  reaction  on  the  blood  was  negative.  Several  competent 
observers  failed  to  demonstrate  any  signs  of  heart  disease.  The  systohc 
blood  pressure  was  115,  chastohc  85.  Continuing  the  bromide  medication 
the  patient  was  allowed  to  be  up,  but  the  attacks  promptly  reappeared,  and, 
as  the  electrocardiograms  showed,  they  were  similar  in  every  way  to  those 
observed  at  the  first  examination — a  rapid  succession  of  ventricular  extra- 
systoles  followed  by  a  pause  and  t^^■o  or  more  mormal  complexes. 

Exercise  was  found  to  exert  a  definite  influence  on  the  severity  of  the 
attacks.  For  example,  the  more  walking  the  patient  did  during  the  day  the 
longer   the    abnormal    mechanism    continued    after    retiring.     Occasionally 
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the  mechanism  consisted  entirely  of  a  continuous  succession  of  ventricular 
extrasystoles  which  lasted  at  times  for  several  hours  after  lying  down 
(see  Fig.  3). 

After  the  foregoing  observations  were  made  the  patient  had  occasion 
to  leave  the  hosiJital.  She  returned,  however,  a  few  days  later  with  an  attack 
which  had  continued  uninterruptedly  for  48  hours,  and  she  stated  that  it 
was  the  most  severe  one  that  she  had  experienced.  The  rate  was  160  per 
minute.  Signs  of  cardiac  failure  were  present ;  both  to  the  right  and  left 
the  area  of  cardiac  dulness  extended  2-5  cm.  beyond  the  normal  boundaries 
previously  found  ;  the  liver  was  definitely  enlarged,  and  moisture  was  jiresent 
at  both  lung  bases.  Although  the  heart  was  hammering  against  the  chest 
wall  the  pulse  was  much  diminished  in  volume  and  the  systolic  blood  pressure 
w-as  85  mm.  Hg.  There  was  the  same  systolic  pulsation  of  the  jugular 
veins  as  described  above.  Even  with  the  low  blood  pressure  and  other 
signs  of  circulatory  impairment  the  patient  was  not  particularly  distressed, 
except  for  the  symptoms  of  cerebral  anemia.  These  improved  considerably 
when  she  lay  down.  At  this  time  and  subsequently  several  attempts  were 
made  to  influence  the  tachycardia  by  vagal  pressure  and  also  by  occular 
pressure,  but  neither  procedure  had  any  effect.  A  record  taken  during  this 
attack  is  shown  in  Fig.  3. 

Again  with  rest  and  bromides  the  cardiac  mechanism  became  normal  and 
continued  so  as  long  as  the  patient  remained  in  bed,  but  with  the  slightest 
exercise,  such  as  walking,  the  irregularity  reappeared.  Several  electro- 
cardiograms taken  at  different  times  showed  by  the  configuration  of  the 
ventricular  comijlexes  that  the  same  ectopic  focus  in  the  right  ventricle 
was  responsible  both  for  tlie  single  and  multiple  extrasystoles,  as  well  as 
for  a  continuous  paroxysm.  The  therapeutic  relief  of  the  patient  was 
further  considered.  Little  help  was  obtained  from  a  review  of  past  cases  of 
ventricular  tachycardia,  because  diagnosis  rather  than  therapy  has  been  the 
chief  point  of  discussion.  In  several  of  the  recorded  cases  the  patients  had 
definite  signs  of  heart  disease,  and  the  tachycardia  appeared  more  or  less  as  a 
terminal  event ;  in  others  the  attacks  were  short  and  disappeared  without 
medication.  The  case  herein  recorded  is,  therefore,  unique  in  several 
respects.  In  the  first  place  the  patient  had  no  signs  of  heart  disease,  and  so 
long  as  the  sinus  rhythm  prevailed  she  was  perfectly  comfortable.  Further- 
more, attacks  were  induced  by  such  slight  exertion  and  the  resultant 
derangement  of  the  circulation  placed  such  a  restriction  on  the  patient's 
activity  that  she  was  rendered  virtually  an  invalid.  In  the  search  for  a 
therapeutic  agent  which  might  exert  some  influence  on  the  disorder,  an 
opportunity  was  afforded  to  note  the  effects  of  several  drugs. 

Effect  of  drugs  on  the  tachycdrdici. 

The  following  observations  were  in  each  case  controlled  by  electrocardio- 
graphic records  taken  at  frequent  intervals  before  and  after  the  administration 
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uf  cliiig;^.     A  hypodermic  injection  of  sterile  water  was  given  a.s  a  control 
in  the  experiments  with  atropine  and  adrenahn. 

Atropine.  Prior  to  the  use  of  atrojjine  the  patient  was  kept  in  bed 
to  ensure  that  the  mechanism  remain  normal.  Atropine  sulphate,  003  of 
a  grain,  was  administered,  and  15  minutes  later  a  continuous  tachycardia 
identical  with  that  seen  in  Fig.  3  appeared  and  continued  for  six  hours. 
Xo  normal  complexes  were  seen  in  any  of  the  records  taken  at  intervals 
during  the  attack.  Sub.sec|uently  another  observation  was  made  in  which 
002  of  a  grain  of  atropine  was  injected.  This  caused  what  might  be  called 
a  mild  attack,  short  paroxysms  of  extrasystoles  interrupted  by  one  or  two 
normal  complexes  (as  in  Fig.  1).  The  other  usual  pharmacological  effects 
of  atropine  were  noted  with  both  dosages,  i.e.,  paralj'sis  of  accommodation, 
dry  mouth,  etc.. 

Digitalis.  When  the  heart  was  brought  under  the  influence  of  digitaUs 
(4.5  minims  of  the  tincture  being  given  daily  for  7  days)  T  became  inverted, 
and  the  attacks  were  diminished  both  in  frequency  and  severity,  so  that  the 
patient  was  able  to  walk  about  without  distress.  Under  these  conditions, 
atropine  was  administered,  003  of  a  grain  being  given  hypodermicallj'. 
There  was  an  increase  in  heart  rate  from  60  to  84  per  minute,  but  no  change 
occiu-red  in  the  cardiac  mechanism.  These  observations  suggested  that  the 
sinus  rhythm  might  be  maintained  by  therapeutic  doses  of  digitahs  acting 
chiefly  on  the  vagus  mechanism.  Accordingly  digitalis  was  given  and  the 
heart  remained  normal  for  three  weeks  even  with  exercise,  but  at  the  end  of 
this  time  the  attacks  again  appeared,  although  the  drug  was  continued,  and 
the  patient  developed  mild  symptoms  of  intolerance. 

Adrenalin.  Following  the  hypodermic  injection  of  adrenalin  (Parke- 
Davis  Co.  1  :  1000  Sol.)  in  doses  of  10-15  m.,  single  extrasj^stoles  appeared, 
followed  a  httle  later  b3'  a  mild  attack  in  which  two  normal  complexes 
alternated  with  a  run  of  S-10  aberrant  ones.  This  distiu-bance  continued 
for  about  an  hour,  when  the  normal  rhythm  returned,  the  curves  being  verj- 
similar  to  those  seen  in  Fig.  1. 

Nilroglijcerine.  Spirits  of  nitroglycerine  (003  of  a  grain)  on  the  tongue 
caused  no  change  in  the  normal  cardiac  mechanism  which  prevailed  at  the 
time  the  drug  was  given.  The  rate  increased  10  beats  per  minute.  The 
sj'stolic  blood  pressure  fell  from  115  to  95,  and  the  patient  complained  of 
cerebral  symptoms  similar  to  those  experienced  during  mild  attacks. 

Quinidine.  Powdered  quinidine  sulphate  in  capsules  was  given  in 
doses  of  0-4  of  a  gram  three  times  a  day.  After  a  few  daj-s  it  was  noted 
that  the  cardiac  mechanism  remained  normal  in  spite  of  exercise.  The 
dosage  was  then  reduced  to  0-2  of  a  gram,  thrice  daily,  and  continued  for 
three  weeks,  during  wliich  time  a  normal  mechanism  prevailed.     Exercise, 


302  n.      II'.     t^COTT. 

whicli  had  hitherto  always  caused  aberrant  beats  to  apjiear,  now  liad  no 
effect  except  to  quicken  the  rate.  To  test  the  matter  further,  the  drug  was 
discontinued  altogether,  and  after  a  few  days  the  disorder  again  appeared. 
Exercise,  such  as  walking  or  ascending  stairs,  caused  attacks  of  the  same 
nature  as  before. 

The  return  of  the  tachycardia  afforded  an  opportunity  to  study  further 
the  action  of  quinidine.  It  was  found  that  a  single  dose,  0-4  of  a  gram  of 
the  drug,  invariably  terminated  the  paroxysms  in  from  30  minutes  to  1  hour 
after  given  by  mouth.  A  sufficient  number  of  observations  was  made 
on  tills  point  to  show  beyond  any  doubt  that  quinidine  in  this  particular 
case  exercised  a  specific  effect  on  the  tachycardia.  The  patient  was  discharged 
from  the  hospital  to  report  for  examination  once  a  month.  Quinidine, 
0-6  of  a  gram  per  day,  was  prescribed,  and  this  was  gradually  reduced  to 
0-2  of  a  gram  per  day,  a  dose  which  appeared  to  be  the  minimal  which  would 
maintain  the  normal  mechanism.  During  six  months  on  this  treatment  the 
patient  was  comfortable  and  able  to  follow  her  usual  occupation. 

The  continuance  of  the  sinus  rhythm  for  this  period  suggested  that  the 
tendency  to  ventricular  tachycardia  might  be  permanently  abolished.  To 
study  this  point  the  patient  was  again  admitted  to  the  hospital  and  quinidine 
discontinued,  but  after  a  few  days  without  the  drug  the  abnormality 
re-appeared,  the  records  showing  single  aberrant  complexes  and  paroxysms 
similar  in  every  way  to  those  seen  previously.  Re-administration  of  quinidine 
once  more  restored  the  normal  rhythm. 

The  effects  of  atropine  in  promptly  precipitating  the  taciiycardia 
suggested  an  observation  to  determine  if  the  drug  exercised  a  similar  effect 
while  the  heart  was  under  quinidine.  Fifteen  minutes  after  0-02  of  a  grain 
of  atropine  the  irregularity  appeared,  typical  curves  of  which  are  shown  in 
Fig.  6.  These  curves  also  show  some  interesting  effects  of  quinidine,  which 
will  be  discussed  later. 

With  the  exception  of  three  weeks  spent  in  the  hospital  recently,  the 
patient  has  taken  quinidine  for  more  than  a  year  without  any  untoward 
effects.  The  dosage  finally  adopted  was  0-2  of  a  gram  once  a  day  which, 
represents  the  minimum  necessary  to  prevent  the  ventricular  tachycardia, 
and,  so  far  as  our  observations  go,  it  appears  that  the  patient's  health  is 
dependent  on  the  drug.  Mayer's  reagent  added  to  the  urine  shows  a 
precipitate  for  5-6  hours  only,  although  the  effect  of  the  alkaloid  apparently 
continues  longer.  It  seems  probable  that  the  drug,  when  taken  in  the 
morning,  exercises  its  action  throughout  the  day,  and  as  during  sleep  there  is 
little  tendency  for  the  disorder  to  api)ear,  the  normal  mechanism  is  maintained 
throughout  the  24  hours. 

Discussion. 
The  electrocardiograms  obtained  over  a  period  of  more  than  a  year  in  the 
study  of  this  case,  fall  into  one  of  two  categories  :  either  the  normal  sinus 
rhythm   prevails,   or  the   normal   rhythm  is  interrupted  and   occasionally 
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completely  suiiplanted  b}-  ventricular  extrasj-stoles  arising  from  a  common 
site  in  the  right  ventricle.  The  persistence  of  the  ventricular  rhythm  with 
reversed  conduction  of  every  impulse  to  the  auricle  as  seen  in  some  of  the 
severe  attacks  (Fig.  3),  lasting  up  to  48  hours,  suggests  that  we  are  deahng 
with  what  might  be  called  a  subsidiarj-  pacemaker  in  the  ventricle.  According 
to  our  observations,  exercise  and  drugs,  i.e.,  atropine  and  adrenaUn,  activate 
the  ventricular  impulse  centre  so  that  it  dominates  completely  the  heart 
beat,  at  times  for  a  few  seconds,  again  for  several  hours.  Even  when  the 
heart  is  beating  normally  and  there  is  Uttle  tendency  for  attacks  to  apj^ear, 
as  happens  «-ith  quinidine,  tliis  ectopic  focus  maj-  assert  itself  as  a  result 
of  the  administration  of  atropine.  It  should  be  mentioned,  however,  that 
the  view  taken  as  to  the  origin  of  the  ventricular  rhyi:hm  from  an  ectopic 
focus,  is  only  a  working  hypothesis.  On  the  other  hand,  there  is  some 
evidence  to  suggest  that  a  rapid  succession  of  extrasj-stoles  emanating  from 
the  ventricle  at  a  regular  rate  may  be  of  the  nature  of  re-entrant  beats. 
Experimental  observations  pertaining  to  this  point  were  pubhshed  by 
Levy'  and  de  Boer.^  The  foregoing  case  apparently  fulfils  some  of  the 
requirements  for  such  a  mechanism  and  maj^  be  an  example  of  circus 
movement  in  the  ventricle,  but  the  time  is  scarcely  ripe  for  finally  answering 
this  question. 

In  attempting  to  anah'se  the  foregoing  observations  on  the  effect  of 
drugs,  particularly  on  the  ventricle,  one  meets  certain  cUfficulties  in  the  way 
of  explanation.  Unfortunately,  the  action  of  these  agents  on  some  funda- 
mental properties  of  ventricular  muscle  is  not  as  well  known  as  it  is  in  the 
case  of  the  auricle.  Here,  as  Lewis  and  others  have  shown,  drugs,  i.e., 
digitaHs,  atropine,  quinidine,  produce  their  effect  in  part  at  least  by  influencing 
the  refractory  period  and  the  transmission  rate  of  auricular  muscle.  Although 
it  is  probable  that  future  experimentation  will  show  that  these  agents  affect 
the  ventricle  in  a  somewhat  similar  fashion,  j-et  until  more  information  is 
available  it  seems  well  to  state  the  facts  and  consider  the  results  as  they 
pertain  primarily  to  (1)  the  vagus  mechanism,  (2)  accelerator  mechanism, 
and  (3)  the  direct  action  of  the  drug  on  the  heart  muscle. 

The  fagiis  mechaniam.  The  influence  of  the  vagus  on  the  ventricle  is  a 
debated  issue.  However,  in  the  case  herein  presented  the  vagus  mechanism 
exercised  a  definite  control  on  the  ventricular  rhythm.  Depression  of  vagal 
tone  by  atropine  always  released  the  ventricular  rhythm  except  when  the 
heart  was  under  the  influence  of  digitalis.  The  latter  appeared  to  counteract 
the  effect  of  atropine,  a  result  which  may  be  explained  by  augmented  vagal 
tone  resulting  from  digitalis.  On  the  other  hand,  the  constant  administration 
of  digitaUs  did  not  prevent  the  appearance  of  the  ventricular  rhythm  caused 
l)y  exercise.  An  interesting  question  in  this  connection  is  whether  or  not 
the  stimulating  effect  on  the  accelerator  mechanism  overbalanced  the 
increased  vagal  tone  induced  by  digitaUs  ?  The  precise  effect  which  a  direct 
action  of  digitalis  would  have  on  the  results  is  uncertain,  more  especially 
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siiico  the  drug  usually  lemls  to  promoto  rather  than  to  abolish  contractions 
arising  prematnrcly  in  the  ventricle. 

The  nccelernlor  viechanLsm.  In  this  category  we  may  consider  the  effect 
of  exercise  and  emotion,  factors  wliich  provoked  the  ventricular  rhythm. 
Similarly,  the  influence  of  adrenalin  in  inducing  attacks  suggests  one  of  the 
known  actions  of  this  drug,  namelj',  that  of  a  stiinidant  to  the  cardio- 
accelerators. 

Drugs  (ictivfj  on  the  venlrivle  directit/.  Under  this  heading  may  be  placed 
one  of  the  effects  of  digitalis,  though  its  precise  action  is,  as  stated  above, 
difficult  to  determine.  More  positive,  however,  are  the  effects  of  quinidine, 
under  small  doses  of  which  the  sinus  rhythm  remained  undisturbed  in  spite 
of  exercise  and  ordinary  emotion.  On  the  other  hand,  even  large  doses  of 
quinidine  failed  to  combat  the  effect  of  atropine  in  releasing  the  ventricular 
rhythm.  It  should  be  noted,  however,  that  under  these  circumstances  the 
attacks  were  not  so  severe  as  when  atropine  alone  was  given.  Compare 
Figs.  3  and  4.  It  is  apparent,  therefore,  that  the  immediate  effects  of  atroi^ine 
and  quinidine  were,  in  this  case  at  least,  diametrically  opposite  ;  quinidine 
in  some  way  antagonised  the  attacks  while  atroi^ine  provoked  them.  If 
quinidine  exercised  a  paralytic  effect  on  the  vagus,  such  action  was  relatively 
insignificant,  and  was  completely  overshadowed  by  the  direct  action  of  the 
drug  on  the  heart.  Furthermore,  our  results  show  clearly  that  quinidine 
controlled  the  ventricular  rhythm  by  some  action  which  left  undisturbed 
the  peripheral  structure  which  atropine  paralyses.  This  result  is  in  accord 
with  the  views  of  Dale,^  who  believes  that  the  action  of  quinidine  is  not 
on  the  nerve  endings,  as  is  the  case  ^^ith  atropine. 

By  comparing  the  curves  in  Fig.  4  with  other  records  showing  the  first 
beat  of  a  paroxysm,  one  notes  that  under  quinidine  there  is  a  sHght  but 
definite  lengthening  of  the  interval  between  the  normal  and  the  succeeding 
extrasystolic  complex.  In  other  words,  the  extrasystole  does  not  occur 
as  prematurely  with  quinidine  as  without  it.  The  R-R'  intervals,  i.e.,  the 
interval  from  the  R  peak  of  a  normal  complex  to  the  R'  peak  of  the  extra- 
systohc  following,  is  fairly  constant,  varying  in  different  curves  between 
0-36  and  0-39  of  a  second.  Under  quinidine  the  interval  is  prolonged  to 
0-45  of  a  second,  as. a  result  of  which  the  rhythmic  aviricular  complex  appears 
as  a  distinct  deflection,  notching  the  ascending  limb  of  R'  (see  particularly 
the  upper  curve  of  Fig.  4).  These  observations  decidedly  suggest  that 
quinidine  lengthens  the  refractory  period  of  the  ventricle,  rendering  earlier 
prematurity  impossible  ;  and  this  view  itself  suggests  that  the  power  of 
quinidine  to  abolish  the  ventricular  tachycardia  is  dependent  upon  a  similar 
influence. 

The  constancy  with  which  reversed  conduction  may  occur  is  well 
illustrated  in  this  case.  Most  records  of  paroxysms  show  it.  Indeed  t!ic 
bundle  appears  to  conduct  the  cardiac  impulse  with  equal  faciUty  forward  or 
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liackward,  according  as  the  beat  originates  in  the  auricle  or  tlie  ventricle. 
It  is  interesting  to  note  that  retrograde  conduction  usually  begins  with  the 
first  beat  of  a  paroxysm  (Figs.  1  and  2) :  although  occasionally  it  starts  later, 
as  in  Fig.  4.  Whether  the  first  premature  beat  of  a  paroxysm  spreads  to 
the  auricle  or  not  depends  on  whether  the  rhythmic  auricular  contraction 
is  due  and  falls  in  the  way  of  a  retrograde  response.  Tliis  is  well  illustrated 
in  Fig.  4.  By  spacing  the  rhythmic  P  deflections  throughout  these  two 
curves  one  can  pretlict  that  no  retrograde  responses  \vill  occur  in  the 
tachycardia!  cycles  of  the  lower  curve,  because  the  auricle  is  contracted  in 
resijonse  to  the  sinus  when  the  retrograde  impulse  arrives.  Similarly,  in  the 
upper  curve  of  Fig.  4,  oidy  the  last  extrasj-stolic  cycle  is  notched  by  a 
retrograde  P  deflection,  because  the  retrograde  impulse  happens  to  reach  the 
auricle  before  it  is  activated  from  the  sinus. 


Stjmm.\rt. 

1.  A  case  of  paroxj-smal  tach^^cardia  of  ventricular  origin  is  recorded 
in  which  retrograde  conduction  occurred  during  attacks.  Exercise  and 
excitement  appeared  to  be  important  factors  in  inducing  the  paroxysms. 

2.  Electrocardiograms  showed  that  the  paroxysms  consisted  of  a 
succession  of  extrasystoles  emanating  from  a  common  site  in  the  right 
ventricle. 

3.  Observations  on  the  effects  of  drugs,  i.e.,  atropine,  digitalis,  adrenalin, 
nitrogh'cerine  and  quinidine  were  made  with  the  following  results  : — 

(«)  Atropine  in  doses  of  003  of  a  grain  given  hypodermically,  always 
induced  attacks  except  when  the  heart  was  under  the  influence 
of  digitalis. 

(b)  Digitalis  minimised  the  severity  of  attacks  but  did  not  prevent 

them. 

(c)  Adrenalin  in  doses  of  10-1.5  m.  hypodermically,  induced    mild 

attacks,  that  is,  paroxysms  consisting  of  8-12  extrasystoles 
separated  usually  by  two  normal  complexes. 

(cl)  Xitroghcerine  (003  of  a  grain)  caused  the  usual  fall  in  blood 
pressm-e,  but  did  not  alter  the  normal  mechanism  prevailing 
at  the  time  of  its  administration. 

(e)  Quinidine  exerci.sed  a  specific  effect  in  controUing  the  tachycardia, 
and  has  been  given  in  doses  of  0-2  of  a  gram  daily  for  more 
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than  a  year  without  niitoward  eflfocts.     Several  attempts  to 
discontinue  the  drug  resulted  in  a  return  of  llie  cardiac  disorder. 

4.  Quinidine  did  not  affect  the  peripheral   mechanism  in   the  heart 
which  is  paralysed  by  atropine. 

5.  It  is  .suggested  that  the  ventricular  rhytlim  observed  during  attacks 
mav  be  of  the  nature  of  re-entrant  beats. 
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¥\\i.    1.     Three   loiuls   showing   the    moi-hanism    present   at    the   first   examiiuitinn.       Retr(i<;nule 
auricular  eoinplexcs  are  marked  I',.     Time  ill  fifths  of  a  secoml. 
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Fig.  -2.     A  siiiuihaiieuus  record  of  the  electrocardiogram  (L-2)  and  the  jujruhir  pulse  registered 
optically. 
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Fi{;.  3.  Three  leatls  taken  <liiiing  a  severe  attack  la-stiii};  eighteen  hours.  Note  that  the 
meihanisin  eonsists  of  a  coiitinuou.s  succession  of  ventricular  extrasystoles,  each  one  of 
which  spreads  to  the  auricle. 
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Fig.  4.  Two  ciures  showing  the  effect  of  atropine  with  the  heart  under  the  influence  of  quinidin. 
Note  that  the  extrasystoles  occur  relatively  laiii  in  iii..-.t..lc.  so  that  tlie  rhythmic  P 
deflection  falls  on  the  ascending  limb  of  R.  Kein  ^ji.iW.-  .  ..n.lu.  n  n  .iihfi  dues  nut  appear 
as  shown  in  the  lower  cur\'e,  or  it  is  confined  to  the  last  Liai  as  illusi  laieil  in  trie  upper  curve. 
Time  in  fifths  of  a  second. 
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AN    TNVESTTOATION    OF    THE    RELATION    OF    THE    POSITION 
OF  THE  HEART  TO  THE  ELECTROCARDIOGRAM. 

By  ALFRED  E.  COHN. 
(With  the  collaboration  of  MILTON  J.  RALSBECK.) 

(Flow  the  Hospital  of  the  Rockefeller  Instil  xle  for  Medical  Research, 
New  York.) 


In  the  history  of  electrocardiography  it  has  long  been  appreciated  that  a 
relation  exists  between  the  points  of  derivation  on  the  surface  of  the  body 
of  the  cardiac  action  current  and  the  position  of  the  heart  in  the  chest. 
Waller  chose  certain  points,  called  leads,  because  they  were,  as  he  said, 
favourable  or  unfavourable,  meaning  therebj-  that  those  leads  were  favour- 
able which  jdelded  large  deflections.  But  since  the  introduction  of  the 
galvanometric  method  into  human  physiologj^  the  use  of  three  leads,  proposed 
by  Einthoven,  has  been  generally  adopted.  There  has  been  no  serious 
criticism  of  the  usefulness  of  the  arrangement  proposed.  The  utihsation 
of  this  method  has,  on  the  contrary,  given  occasion  for  extending  knowledge 
based  directly  on  this  convention. 

The  electrocardiogram,  which  is  derived  from  the  usual  three  leads, 
although  in  large  measure  constant  in  form  in  the  same  individual  over 
long  periods  of  time,  is,  nevertheless,  known  to  undergo  certain  changes 
in  outUne  when,  the  leads  remaining  constant,  the  heart  is  caused  to  alter 
its  position  in  the  chest.  Einthoven^  pointed  out  that  this  result  took 
place  when  the  body  was  rotated  from  side  to  side,  for  under  these  concUtions 
the  heart  rotated  on  a  vertical  axis  (head  to  foot)  and  permitted  the  projection 
on  lead  /  of  an  electrical  potential  which  lay  in  the  saggital  plane.  In  Uke 
manner  he  showed  that  in  breathing,  the  form  of  the  electrocardiogram, 
certainly  the  direction  of  potential  in  the  region  of  the  R  wave,  altered  as 
a  result  of  rotation  of  the  heart  on  an  antero-j^osterior  axis.  An  exaggeration 
of  this  effect  is  seen  when  the  position  of  the  body  as  a  whole  is  made  to 
change  from  the  recumbent  to  the  erect  position.  In  dextrocardia,  when 
the  position  of  the  heart  in  the  chest  is  reversed,  the  electrocardiogram  is 
also  reversed. 
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The  phenomena  just  reviewed  are  well  known.  It  is,  however,  less  well 
known  how  great  is  the  influence  wliich  the  exact  position  of  the  heart  in 
the  chest  exerts  on  the  electrocardiogram.  This  position  may  be  described 
roughly  in  terms  of  an  angle  which  the  heart  makes  with  the  horizon.  This 
angle  is  formed  bj-  a  transverse  horizontal  Une  and  a  line  drawn  from  the 
junction  of  the  curve  of  the  right  auricle  in  the  rontgenogram,  with  that 
of  the  ascending  aorta  to  the  apex  of  the  heart. 

That  this  angle,  which  gives  a  measure  of  the  inchnation  of  the  heart 
in  the  chest,  has  a  distinct  influence  on  the  form  of  the  electrocardiogram 
and  on  the  direction  of  potential,  that  is  to  say,  on  the  electrical  axis,  is 
shown  b}'  Einthoven's  observations  on  the  effect  of  respiration. 

The  significance  of  these  changes  of  the  anatomical  angle  on  the  form 
of  the  curves,  and  on  the  direction  of  potential,  it  would  be  simple  enough 
to  appreciate,  were  it  not  that  the  subject  is  in  general  complicated  by  the 
existence  of  curves  of  so-called  right  and  left  ventricular  preponderance. 
Curves  such  as  these  are  said  to  represent,  sometimes  enlargement,  sometimes 
hypertrophy  of  the  wall  either  of  the  right  or  left  ventricle.  How  to  interpret 
curves  beHeved  to  indicate  the  presence  of  disproportionate  unilateral 
enlargement  has  often  been  the  subject  of  speculation.*  Tliis  was  especially 
the  case  when  on  dissecting  and  weigliing  hearts  post-mortem,  which  yielded 
one  or  other  type  of  curve  during  hfe,  there  failed  to  appear  that  disproportion 
in  the  weights  of  the  ventricles  wliich  it  was  anticipated  would  be  found.^ 

We  have  no  data  to  offer  which  resolve  the  confusion  caused  by  this 
failure  of  the  hearts  when  dissected  to  yield  weights  which  the  curves 
prepared  one  to  find.  We  have,  on  the  contrary,  confined  ourselves  to  a 
systematic  investigation  of  the  influence  which  differences  in  position  of 
the  heart  in  the  chest  actually  cause  in  electrocardiographic  curves.  It  is 
naturally  impossible  in  the  human  subject  to  go  further  in  the  effort  to  alter 
the  relation  of  the  heart  to  the  thorax  than  has  alread}-  been  attempted 
during  respiration  and  on  changing  the  position  of  the  bodj-  as  a  whole,  as 
has  been  done  by  Einthoven.  To  go  further  in  animals  involves 
manipulations  which  defeat  the  ends  in  view.  But  in  the  human  subject 
we  have  devised  a  method  of  altering  the  relation  of  the  anatomical  angle 
of  the  heart  to  the  chest,  or  more  accurately  to  electrocardiographic  leads, 
in  whatever  w.ay  it  suited  us,  and  bj-  this  means  of  learning  precisely,  in  the 
same  subject,  what  changes  are  wrought  in  the  curves  by  changes  in  cardiac 
position. 

We  have  assumed  the  correctness  of  Einthoven"s  theory  of  the  efpiilateral 
triangle.  In  two  individuals  we  have  constructed  the  largest  equilateral 
triangles  we  could  lay  on  the  chest,  of  a  size  such  that  the  apices  of  the 
triangle  representing  the  right  and  left  arms,  lay  in  the  frontal,  usually 
the  mid-frontal,  plane  of  the  body  ;  the  apex  of  the  triangle  representing 

*  This  su})ject  was  recently  reviewed  fully  in  a  iiaper,  the  reference  for  which  is  given'  in 
the  bibliograjihy. 
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the  left  leg  lay  below  the  level  of  the  ensiform  cartilage,  but  in  a  frontal 
plane  anterior  to  that  occuj)iecl  by  the  other  two  (Fig.  IS).  We  found  in 
point  of  fact  that  the  size  of  the  triangle  (the  sides  measured  35  cm.)  was 
sufficiently  large  so  that  electrocardiograms  (Fig.  3)  of  the  three  leads  taken 
simultaneously  by  three  galvanometers  resembled,  in  all  but  details,  controls 
of  the  three  usual  limb  leads  (Fig.  2),  also  taken  simultaneously  by  three 
galvanometers.  We  found  also  that  the  curves  corresponding  to  leads  / 
and  ///  equalled  lead  //,  in  accordance  with  Eintlioven"s  formula  (Table  I). 


iShoicing  the  corresjmndence  of  the  diagrams  and  the  electrocardioyran 
anatomical  angles  and  electrical  axes. 
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*  Eiiithoven  (W.),  Bergansius  (F.  L.),  and  Bijtel  (J.).  '"  Die  gleiohzeitige  Registrieriuig 
elektri.soher  Erschoinungen  mittels  zwei  oder  mehr  Galvanometer  und  ihre  .\n\veiidiing  niif  die 
Elektrokardiographie."     Arch.  f.  d.  ges.  Physiol.,  1910,  CLsiv,  107. 


In  taking  these  electrocardiograms  simultaneously  and  in  order  to 
obtain  satisfactory  results,  it  was  necessary  to  overcome  certain  technical 
difficulties.  Einthoven  in  his  experiments  and  Lewis  in  his  both  emploj-ed 
Cambridge  instruments  having  two  string  carriers.  For  the  purpose  for 
which  it  was  used  this  arrangement  is  adequate.  When  the  curves  are  to 
be  used  for  calculating  the  direction  of  potential,  it  is,  however,  preferable 
not  to  employ  this  apparatus,  for  it  is  not  easy  \vith  it  to  place  the  two  strings 
in  such  positions  in  the  magnetic  field  at  wliich  proportional  deflections 
to  both  sides  of  zero  can  be  expected.  We  desired  also  to  escape  the  difficulties 
found  b}'  Einthoven  which  attend  setting  up  galvanometers  in  tandem, 
although  the  problem  of  illumination  and  of  time-marking  are  simplified 
by  his  arrangement. 
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To  avoid  certain  of  these  difficulties  we  adopted  the  following  plan. 
Two  galvanometers  (Williams-Hindle  model)  were  set  parallel  and  a  third 
(Edelmann  model,  modified  to  attain  greater  rigidity)  was  placed  at  right 
angles  to  these  (Fig.  1 ).  The  illumination  was  provided  by  three  Siemens- 
iSchuckert  arc  lamps,  and  the  optical  systems  were  those  of  Einthovcn. 
To  photograph  the  string  deflections  of  the  three  galvanometers  on  a  single 
camera  the  beam  of  light  from  galvanometer  3  was  deflected  by  two  90" 
prisms,  and  that  of  galvanometer  1  by  one  prism.     This  plan  was  for  our 
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Fig.   1.     Diagraii 


purposes  the  most  economical  in  space.  An  effort  was  made  at  first  to 
jirovide  for  the  time  ordinates  bj'  interrupting  the  three  several  beams  of 
light  at  the  usual  points  between  the  arc  light  and  the  condensing  microscope 
by  three  motors  driven  synchronously  with  a  tuning  fork.  The  difficulty  of 
manipulation  was,  however,  great,  and  was  abandoned  in  favour  of  a  simpler 
scheme.  A  motor  of  the  usual  (Cambridge  or  Handle)  type  driven 
synchronously  with  a  tuning  fork  in  the  usual  fasliion  was  placed  just  in 
front  of  the  camera  slit.  Instead  of  the  wheel  having  the  short  spokes 
commonly  employed  we  constructed  one  having  sj^okes  90  cm.  long,  the 
margins  of  the  spokes  being  radii  of  the  circle.  The  width  of  the  -spokes  was 
such  that  at  the  rate  of  rotation  employed  (360°  in  0-2  second),  the  image 
cast  by  four  spokes  was  0-3  mm.  ;  the  fifth  spoke  cast  a  shadow  twice  this 
width.     The  edges  of  the  shadows  are,  of  course,  parallel.     The  axis  is  at 
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the  level  of  the  cylindrical  lens.  If  the  beams  of  light  of  the  three  optical 
axes  are  parallel  between  the  prisms  and  the  camera  and  at  the  same  level 
the}'  fall  on  the  cylindrical  lens  of  the  camera  so  that  single  straight  ordinates 
are  cast ;  failure  to  attend  to  these  details  results  in  broken  lines.  As  our 
records  show,  quite  satisfactory  ordinates  are  made  by  this  system.  The 
optical  difficulties  which  are  occasioned  by  setting  the  galvanometers  in 
tandem  and  b}-  attempting  to  synchronise  more  than  one  motor  with  a  single 
tuning  fork  are  avoided.  The  three  fields  are  separated  sharply  Ijy  screening 
the  three  galvanometer  svstems  in  tiie  way  shown  at  the  points  marked  A 

(T^ig-  1). 

The  leads  were  taken  with  lead  electrodes.^  C'omiDensation  and 
standardisation  were  accomplished  in  accordance  with  the  technique 
described  by  Einthoven,  Bergan.sius  and  Bijtel.*  The  resistances  were  taken 
for  each  lead  in  each  position,  and  were  alwa5's  sufficiently  low  (usually  600 
to  1,000  ohms  ;  rarely  2,000  ohms)  to  prevent  distortion  of  the  curves.  The 
standards  arranged  in  accordance  with  readings  of  one  and  the  same 
milliammeter  were  photographed  in  each  instance,  the  string  being  deflected  by 
steps  of  10  millivolt,  the  patient  being  in  circuit.  In  all  calculations,  the 
amplitude  of  the  deflections  was  corrected  in  accordance  with  the  standard 
deflection. 

Having  found  this  preliminary  portion  of  our  investigation  sufficiently 
satisfactory,  we  proceeded  to  take  curves  from  points  on  the  chest  (Fig.  IS) 
indicated  by  the  apices  of  our  triangle  when  we  rotated  this  about  an 
anterioposterior  axis  (the  point  marked  over  the  sternum  in  Fig.  IS)  through 
arcs  of  40°.  First  we  rotated  the  triangle  in  a  clockwise  direction  so  that 
the  position  of  the  right  arm  lead  assumed  succeeding  positions  from  1  to  9 
(Figs.  3  to  11,  and  Fig.  12,  Al  to  A9).  Under  these  circumstances  the  arrow, 
which  indicates  the  position  of  the  anatomical  axis  of  the  heart,  naturally 
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Figs.  2-11.  In  each  ciii\i'  tliin  li  nU  \^oie  taken  simultaneously  by  three  galvanometei-s. 
The  leads  in  Fip.  2  are  tin  u~ii  il  i  liml)  leads  The  derivation  of  efK-h  of  the  other  leads  is 
sho^vn  in  Fig.  12.  1  Ik  c  i.liii  iK  -  equal  10"*  \  olt-  ,  the  abscissa?  004  of  a  second.  The  curve 
above  is  a  respiraton  <  ui\e  ,  each  mark  of  the  signal  indicates  a  change  of  100  c.c.  of  tidal 
air.  The  original  cuixc  aie  t,haii>l>  contrasted  black  and  white  ;  no  half  tones  are  lost  by 
this  method  of  repioductiou. 
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remained  fixed,  and  formed  a  variety  of  angles  with  the  sides  of  the  triangle 
as  it  rotated.  What  the  values  of  these  angles  formed  by  the  arrows  and 
the  horizon  would  actually  be  is  given  in  the  diagram  in  column  B,  for  here 
the  triangle,  together  with  the  arrow  shown  in  column  A,  is  rotated  back 
so  that  the  usual  position  of  the  RA-LA  Une  j^arallel  with  the  horizon  is 
maintained.  The  arrows,  it  will  be  seen,  have  rotated  in  a  counter-clockwise 
direction.  The  electrocardiograms  corresponding  to  each  of  these  positions 
are  reproduced  (Figs.  3  to  11). 

Next  we  rotated  the  triangle  in  a  counter-clockwise  direction  (diagrams 
in  Column  C,  Fig.  12)  so  that  the  point  RA  of  the  triangle  moved  necessarih' 
from  position  Cl  to  position  C9  and  onward  around  the  circle  to  position  C2. 
Having,  as  before,  estabUshed  the  relations  of  the  arrow,  wliich  remained 
fixed,  to  the  sides  of  the  triangle  as  it  rotated,  the  triangles  and  arrows  were 
turned  back  to  the  conventional  RA-LA  positions  shown  in  column  D. 
The  angles  formed  by  the  arrows  with  the  horizon  under  the  circumstances 
are  shown.  It  is  obvious  that  diagram  C2  is  identical  with  diagram  A9 
and  Fig.  11  ;  C3  with  AS  and  Fig.  10  ;  and  so  on  (Table  I). 

It  is  necessary  to  point  out  a  possible  source  of  confusion  in  these 
diagrams.  The  angle  46°  in  cUagram  Al  (and  also  in  Bl,  Cl  and  Dl)  is  the 
actual  anatomical  axis  of  the  heart  in  this  indiWdual  in  the  recumbent 
posture  measured  in  a  rontgenogram  during  the  inspiratory  i^hase  of 
respiration  (Fig.  19).  The  arbitrary  method  of  rotation  of  the  leads  wliich 
we  adopted  resulted  in  creating  anatomical  axes  which  obviously  are  unhkely 
to  exist  in  nature.  In  point  of  fact,  it  is  not  probable  that  any  anatomical 
angles  other  than  those  hing  between  -1-6''  (B2)  and  -1-86^  (D2)*  are  Ukely 
to  occur.  These  are,  however,  possible.  If  in  a  normal  heart  such  as  this 
the  heart  rotates  so  that  the  anatomical  axis  of  46°  (Bl)  were  to  swing  to 
the  position  of  6°  (B2),  a  change  in  the  form  of  the  electrocardiogram  takes 
place,  and  tliis  form  resembles  that  associated  with  left  ventricular 
preponderance  (Fig.  4).  A  diffei-ence  ivill  be  pointed  out  later.  If,  on  the 
other  hand,  it  is  caused  to  rotate  in  the  opposite  direction,  so  that  instead 
of  46°  (DI)  it  assumes  the  position  of  86°  (D2)  a  characteristic  change  in  the 
electrocardiogram  does  not  take  place,  l)ut  if  the  rotation  is  carried  40° 
further,  to  126°  the  curves  which  appear  resemble  those  associated  with 
right  ventricular  preponderance  (Fig  10). •^  Here  again  a  difference  occurs 
which  is  to  be  pointed  out  later.  The  rotation  of  the  triangle  of  leads  has 
been  continued  both  in  the  clockwise  and  in  the  counter-clockwise  directions, 
but  the  angles  made  by  the  arrows  with  the  horizon  cannot  now  be  regarded 
as  actual  anatomical  axes,  for  these  are  obviously  improbable,  but  as 
theoretical  auatomical  angles   (Table   I).     Assuming,   however,   that  such 

*  The  signs  of  the  angles,  both  auatoinii-al  and  electrical,  are  given  as  is  usual  in  electrocardio- 
_raphy  ;   -i-  is  below,  —  above  the  trans\erse  line. 

t  It  would  have  been  desirable  to  take  ciuTres  at  an  anatomical  axis  somewhat  less  than 
126°.  Xt  100°,  cun'es  usually  designated  as  associated  with  right  ventricular  preponderance 
might  have  appeared.     But  even  this  is  an  unlikely  anatomical  axis. 
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.  12.  The  coliinuis  A  B  and  C  D  show  eacli  a  row  of  circles  coutamiiig  equilateral  triangles. 
In  columns  A  and  C  are  given  the  arrangement  of  leads  as  the  triangle  is  rotated  about  its 
centre.  In  columns  B  and  D  the  triangles  with  their  contained  arrows,  showTi  in  columns 
A  and  C,  are  rotated  back  to  the  familiar  PA-LA  positions.  The  angles  given  are,  m  the  top 
row,  the  actual  anatomical  angles  seen  in  the  rontgenogram  in  the  recumbent  position  during 
insxiiration,  and  the  theoretical  angles  obtained  under  conditions  described  in  the  test. 
In  column  A  the  triangles  are  rotated  clockwise  ;  in  column  C,  counter-clockwise.  The 
arrows  rotate  counter-clockwise  in  column  B  and  clockwise  in  column  D.  Which 
electrocardiogram  was  derived  from  each  of  these  positions  is  given  in  Table  1. 
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anatomical  axes  exist,  tlie  electrooarcliograms  wliicli  were  olitained  in 
successive  positions  were  curves  which  yielded  electrical  axes  corresponding 
to  those  within  ranges  with  which  one  is  famiUar,  that  is  to  say,  they  were 
curves  which  range  between  -  67°  and  +  123°  :  three  other  curves  (Figs.  7.  S 
and  9,  Diagrams  B.>.  BG  and  B7,  and  DO,  Do  and  Di)  are  less  frequently  seen. 

The  striking  point  in  stud_\ang  these  curves  obtained  from  unusual 
anatomical  points  is  their  resemblance  to  curves  regarded  as  indicative  of 
ventricular  preponderance,  especially  so  far  as  concerns  the  Q.R.S.  complex. 
There  is,  however,  a  difference  between  them  already  referred  to.  This 
tliffcrence  consists  in  the  fact  that  in  all  instances  the  signs  of  the  R  waves 
and  the  T  waves  are  the  same.  This  phenomenon  is  to  he  anticipated  under 
the  conditions.  In  curves  of  ventricular  preponderance,  at  least  in  curves 
from  cases  in  which  the  heart  is  known  to  be  abnormal,  the  signs  of  tlic 
R  waves  and  T  waves  are  usually  unlike  and  opposite.  A  difference  in  the 
P  waves  also  exists.  These  tlifferences  we  A^nsh  merely  to  point  out.  ^\'e 
hope  later  to  present  curves  which  bear  on  these  points. 

We  wish  now,  however,  to  point  out  that  the  form  of  the  curve  seen 
in  Fig.  4  is  strikingly  similar  to  certain  curves  made  of  normal  individuals. 
In  a  series  of  electrocarchograms  made  in  May,  1919,  a  number  of  these 
appear.  They  were  obtained  from  two  hundred  and  eight  soldiers,  selected 
by  their  officers  before  discharge  as  bein^  normal  individuals.'  Among 
these  men,  deemed  to  be  normal,  six  showed  the  signs  of  left  ventricular 
preponderance  and  three  of  right  ventricular  preponderance  (Table  II). 
The  test  of  exercise  was  applied  to  these  men.  This  consisted  of  hopping 
one  hundred  times  on  the  left  foot,  and  was  considered  to  have  been 
satisfactorily  performed  when  the  pulse  rate  returned  in  two  minutes  to  \nthin 
ten  or  less  beats,  and  the  blood  pressure  to  within  a  few  millimetres  of  the 
figures  found  in  the  control  period,  and  when  there  was  no  dyspnoea.  In 
two  of  the  nine  cases  the  test  was  described  as  not  completely  satisfactory 
{Case  3),  and  as  having  occasioned  moderate  dyspnoea  afterwards  (Case  7). 
In  the  former  case  the  heart  may  have  been  enlarged  ;  there  was  no  murmur 
at  the  apex,  but  a  systoUc  one  at  the  base.  The  blood  pressure  did  not  fall 
to  normal  two  minutes  after  exercise.  The  man  had  scarlet  fever  at  thirteen 
and  tonsilitis  at  ten.  These  factors  might  have  accounted  for  the  facts 
found  were  it  not  that  he  had  the  day  before  been  discharged  from  hospital 
on  account  of  a  minor  illness.  His  condition  was  apparently  not  good, 
even  if  he  were  considered  free  from  heart  disease.  In  the  other  case  (Ca-ie  7), 
in  addition  to  moderate  dyspnoea,  neither  the  systohc  nor  the  diastolic 
pressures  returned  to  the  level  of  the  control  period.  The  pulse  rate  behaved, 
however,  in  a  normal  fashion.  This  man  had  had  only  measles.  On  phy.sical 
examination  liis  heart  was  normal.  Of  the  other  cases,  although  histories 
of  infectious  diseases  were  given,  there  was  nothing  in  the  physical 
examination  to  lead  one  to  doubt  the  soundness  of  their  hearts. 

The  curves  of  six  of  the  nine  men  showed,  as  has  been  said,  curves 
resembling  left  ventricular  preponderance,  that  is  to  say,  deep  S  waves  in 
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lead  ///.  In  three  (Cased  1,  4  and  (i),  the  T  wave  was  also  inverted  (Fig.  13*). 
In  an  additional  case  (Case  3),  when  a  curve  was  taken  in  the  erect  position, 
the  T  wave  became  inverted  (Fig.  14).  Here  the  Q.R.S.  complex  also 
changed  ;  the  R  wave  was  substituted  by  a  Q  wave  and  the  S  wave  became 
an  R  wave.  When  the  erect  position  was  assumed  there  was  no  change  in 
the  curves  of  the  other  two  men  (Fig.  15). 

To  these  cases,  the  cases  of  two  normal  civilians  may  be  added — a  man 
and  a  woman.  In  both,  the  curves  were  like  those  of  the  three  soldiers  ; 
there  were  deep  S  waves  and  inverted  T  waves  in  lead  ///.     The  records 
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Fig.    13. 
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Fig.  13.  Leads  I,  II  and  III  from  above  downward.  The  fourth  strip  is  lead  ///  taken  in 
the  erect  position.  Ordinates  and  abscissae  as  in  Figs..  2-11.  The  curves  show  deep  S  waves 
in  lead  ///.     The  T  waves  in  both  strips  of  lead  ///  are  inverted. 

Fig.  14.  Same  as  above.  T  in  lead  ///  is  upright  in  the  3rd  strip.  It  is  inverted  in  the  4th 
strip  taken  in  the  erect  position. 

Fig.  15.     Same  as  above.     The  T  waves  in  both  strips  of  lead  III  are  upright. 

of  this  hospital  were  not  searched  for  other  similar  cases,  but  numerous  ones 
could,  without  doubt,  have  been  found. 

It  is  to  be  noted  that  the  anatomical  angles  of  the  soldiers'  hearts  were 
28°,  32°,  33°,  34°,  36°  and  40°  respectively.  The  direction  of  potential 
in  the  region  of  the  R  waves  in  the  corresponding  cases  may  be  given  roughly 
as  42°,  42°,  37°,  40°,  32°  and  46°  respectively.  In  curves  taken  in  this  way 
exactness  is  not  possible   on   account  of  phasic   alterations.     These  were 


*  This  electrocardiogram  is  taken 


L-haracteristic  of  the  groui^. 


E 


AND    POSITION     OF    HEART. 


clearly  all  more  or  less  transverselj'  lying  hearts,  presenting  small  anatomical 
angles.  With  one  exception,  they  were  smaller  than  those  next  to  be 
described.  The  angles  formed  by  the  electrical  axes  were  also  small, 
relatively  speaking.  Both  sets  of  figures  are  to  be  contrasted  with  those 
which  follow. 

These  were  cases  {Cases  7,  8  and  9)  in  which  the  S  waves  in  lead  /  were 
deep  and  resembled  curves  of  right  ventricular  preponderance  (Fig.  16). 
The  T  waves  in  lead  /  were  directed  upward  as  were  likewise  the   T  waves 
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Fig.    Hi.  Fig.    17. 

Fig.  16.     Same  a.s  Fig.  13.     The  ciir\-es  show  deep  .S'  waves  in  lead  7.     The  T  wave.s  in  all  -st 

are  upright. 
Fig.   17.     Same  as  above.     The  T  waves  in  the  4th  strip,  in  the  erect  position  are  inverted. 


in  lead  ///.  It  is  noteworthj',  however,  that  in  two  cases  (CV/se-s  7  and  S) 
the  interval  between  the  R  waves  and  the  T  waves  was  flat.  Unfortunately, 
when  the  posture  was  changed  from  the  semi-recumbent  to  the  erect  po.sition, 
not  only  in  these  but  also  in  the  preceding  six  cases,  only  lead  ///  was 
photographed.  We  have,  therefore,  no  record  of  the  behaviour  of  lead  / 
under  these  circumstances.  In  Case  8,  the  T  wave  in  lead  ///  became 
inverted  on  changing  to  the  erect  position  (Fig.  17). 
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A  number  of  the  facts  reported  in  connection  with  these  nine  cases  are 
recorded  now  for  the  purpose  of  description  only.  It  is  a  matter  of  interesc 
that  in  men,  presumably  healthy,  curves  resembling  those  of  both  right  and 
left  preponderance  should  appear.  It  is  remarkable  that  the  anatomical 
angles  of  the  hearts  wlding  deep  S  waves  in  lead  ///  should  be  small  ;  that 
the  curves  ^•ielding  deep  iS  waves  in  lead  /  should  be  large.  Of  striking 
importance  is  the  fact  that  in  the  curves  showing  deep  <S  waves  in  lead  ///, 
a  number  presented  T  waves  which  were  inverted.  These  are  the  curves, 
more  than  the  others,  wliich  resembled  those  of  the  individual  described  in 
the  earher  part  of  tliis  stud3'  in  whom  the  location  of  the  leads  was  shifted, 
or  perhaps  it  were  better  to  say,  in  whom  the  angle  of  the  heart  in  respect 
to  the  leads  was  sliifted  from  46°  to  6". 

It  is  facts  such  as  these  which  have  led  us  to  draw  attention  afresh  to 
the  conception  that  the  position  of  the  heart  in  the  chest  has  an  influence 
on  the  form  of  the  electrocardiogram,  and  that  this  influence  may  be  far 
reaching.  From  the  influence  of  pcsition,  the  effect  on  the  curves  of  enlarge- 
ment of  the  heart  must  be  distinguished.  We  wish  at  this  time  to  go  no 
further  than  to  point  out  that  this  is  a  relation  which  must  be  taken  into 
consideration  when  an  opinion  is  formed  on  the  character  of  enlargement 
from  electrocardiograms. 
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1  I  lie  electrodes  wei-e  applied.  They  are  the  points 
tiiaiifile  fell  when  the  triangle  was  rotated.  The 
•  joiiiiii-i  points,  such  as  1,  4  and  7  ;  2,  :">  and  8,  etc.. 
allele  was  rotated  about  its  centre,  an  axis  indicated 
I'oints  ().  7  and  8  are  anterior  to  the  mid-frontal 
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ON    THE    RELATION    OF    THE    POSITION    OF    THE    ENLARGED 
HEART   TO   THE   ELECTROCARDIOGRAM. 

By  ALFRED  E.  COHN. 
(With  the  collaboration  of  MILTON  J.  RAISBECK.) 

(From  the  Hospital  of  the  Rockefeller  Instil iile  for  Medical  Research, 
New   York.) 


In  the  preceding  publication,^  we  described  the  influence  which  it  is  possible 
to  exert  on  the  electrocardiogram  by  changing  the  position  of  the  normal 
heart  in  the  chest  of  an  individual.  We  did  this  by  altering  the  position 
on  the  chest  wall  of  the  electrocardiographic  leads.  We  showed  that  the 
influence  produced  was  profound,  so  profoimd  in  fact  that  it  was  possible 
in  certain  positions  of  the  electrodes  to  simulate,  at  least  so  far  as  the 
Q.R.S.  complex  was  concerned,  curves  of  ventricular  preponderance,  both 
right  and  left.  We  were  able  to  show  in  a  normal  heart  that  at  least  in  one 
position,  when  the  artificial  anatomical  angle  was  6°,  a  set  of  curves  could 
be  obtained  which  resembled  in  their  main  details  the  curves  of  certain 
soldiers  as  well  as  those  of  certain  civihans.  In  these  individuals  the  angles 
of  the  hearts  were,  relatively  speaking,  low.  We  suggested,  therefore,  that 
the  low  angle,  that  is  to  say,  the  position  of  the  heart,  might  account  for 
curves  of  preponderance,  and  that  in  curves  of  tliis  nature  the  question  of 
cardiac  hypertrophy  and  consequently  of  heart  disease  need  not,  as  it  had 
been  in  the  case  of  the  male  civilian,  be  raised.  We  emphasised  the  fact 
that  the  sign  of  the  T  waves  in  these  cases  was  identical  with  that  of  the 
R  waves  in  all  instances,  and  stated  that  in  the  curves  of  preponderance 
associated  with  heart  disease  this  identity  of  sign  in  the  two  waves  was  not 
usual.  At  the  same  time,  we  indicated  our  intention  of  supplementing  the 
data  taken  from  the  curves  then  published,  by  reproducing  others  taken  from 
patients  having  heart  disease.  We  describe  now,  therefore,  the  appearance 
and  behaviour  of  curves  taken  from  one  case  in  which  the  electrocardio- 
graj^hic  signs  of  left  ventricular  preponderance  (deep  »S  wave  in  lead  ///) 
were  found  (Fig.  1)  ;  and  of  another  ca.se  in  which  the  signs  were  those  of 
right  preponderance  (deep  S  wave  in  lead  /). 


:}32  A  .     K  .     (•  ()  II  .V  . 

L.V'.P.  is  a  male,  43  years  old,  who  suffered  from  whooping  cough  : 
influenza  in  1S88,  18!)4  and  in  1918.  He  drank  10  to  15  glasses  of  beer  a 
day  and  drank  whisky  moderately.  He  smoked  40  cigarettes  a  day.  In 
1918  he  was  parsed  in  the  first  class  for  life  insurance  ;  in  1919  the  systolic 
blood  pressure  was  165  mm.  Hg.  In  December,  1920,  he  began  to  complain 
of  exhaustion,  and  occasionally  of  severe  headache.  These  became  more 
and  then  somewhat  less  frequent.  In  November,  1921,  he  excreted  37-5 
per  cent,  of  phthalein,  22-5  per  cent,  in  the  first,  and  15  per  cent,  in  the 
second  hour.  Now  the  area  of  cardiac  dulness,  measures,  on  percussion, 
5-0  cm.  to  the  right  and  11-0  cm.  to  the  left  of  the  sternum  in  the  5th  spaces. 
There  are  no  murmurs.  The  anatomical  angle  is  29^.  The  pulse  rate  is  96, 
the  blood  pressure  is  210  mm.  Hg.  systolic,  and  150  diastolic.  The 
Wassermann  reaction  is  negative.  The  urine  contains  albumen,  hyaline  and 
granular  casts  and  a  few  red  and  white  cells.  The  diagnosis  is  chronic 
nephritis. 

R.V.P.  is  a  female  9  years  old.  In  1917  she  was  taken  with  fever  and 
sore  throat.  Soon  a  diagnosis  of  heart  disease  was  made.  She  failed  to 
regain  her  strength.  In  1918  she  had  measles.  In  1920  she  suffered  from 
another  attack  of  fever  for  16  days,  during  which  her  joints  may  have  been 
affected.  In  April,  1921,  there  was  an  attack  of  pneumonia  lasting  two 
weeks.  In  August,  1921,  she  developed  oedema  of  the  feet  and  abdomen. 
She  now  has  a  large  heart,  the  area  of  cardiac  dulness  being  3-0  cm.  to  the 
right  in  the  4th  space  and  11  cm.  to  the  left  in  the  6th  space  on  percussion. 
The  physical  signs  on  auscultation,  a  crescendo  presystolic  murmur  especially, 
indicate  the  presence  of  mitral  stenosis.  The  angle  of  the  heart  is  43°.  The 
urine  occasionally  shows  a  trace  of  albumen,  and  an  f)pcasional  li valine  oast 
as  well  as  a  few  red  and  while  blood  cells. 
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Figs.  1-10.  In  eiith  ligiiie  curves  die  iJii-niUil  lioiii  line*  elti  iiiManli(jCi<H>liu  leail^  1,  II 
and  ///,  from  above  downward  1  he%  are  taken  •5^nchrono^I-!^  In  three  pah  anometers. 
The  technique  of  taking  them  is  given  in  an  earlier  paper.'  Divisions  of  the  ordinates 
equal  10"^  volts.  Divisions  of  the  absi-issae  equal  004  of  a  second.  Fig.  1  of  the  usual  limli 
leads.  In  Fig  11  is  given  the  derivation  of  each  of  the  other  leads.  The  uppermost  cur%-e 
is  a  respiratory  ciu^-e  :  each  mark  of  the  signal  indicates  a  change  of  100  e.c.  of  tidal  air. 


K.    rofiN. 


Tlie  techm((Uo  was  identical  witli  that  employed  by  us  in  the  case 
already  rejjorted.'  In  the  case  (hereinafter  referred  to  as  L.V.P.)  in  which 
the  heart  yielded  cuives  of  left  ventricular  preponderance,  the  anatomical 
angle  was  29°.  On  rotating  the  triangle  of  leads  it  was  found  that  the 
curves  could  be  described  as  left  preponderance  curves,  not  only  at  this  angle 
l)ut  at  all  angles  between  +69°  and  — 51°*,  a  range  of  120°  (Figs.  2,  3,  4  and 
10).  But  curves  which  could  be  described  as  indicating  preponderance  of 
tlic  riglit  ventricle  were  obtained  between  — 91°  and  — 171°  (Figs.  5,  6  and  7), 
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a  range  of  80°,  as  well  as  curves  substantially  normal  at  +149°  and  +109° 
(Figs.  8  and  9).  The  positions  of  the  leads  from  which  these  curves  were 
derived  is  given  in  Fig.  II,  and  the  correspondence  of  the  figures  with  these 
in  Table  I.  In  the  course  of  rotating  the  leads,  the  form  and  sign  of  the 
T  waves  also  changed,  but  there  is  a  difference  between  their  behaviour 
in  this  and  in  the  normal  individual  (hereafter  called  N.I.).  In  the  normal 
curves  the  sign  of  both  R  waves  and  T  waves  was,  as  has  been  said,  tlie 
same.     Here,  the  signs  of  the  T  waves  bear  no  constant  relation  to  those 
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Vv.  II.  The  columns  A,  B  and  C,  I)  show  each  a  row  of  circles  containing  e<(uilateral  triangles 
In  columns  A  and  C  are  given  the  arrangements  of  leads  as  the  triangle  rotated  about  its 
centre.  In  columns  B  and  D  the  triangles  with  their  contained  arrows,  shown  in  columns 
A  and  C,  are  rotated  back  to  the  familiar  RA-LA  positions.  The  angles  given  are,  in  the  toi> 
row,  the  actual  anatomical  angles  seen  in  the  rontgenogram  in  the  recimiljent  iiosilion 
during  inspiration  ;  and  the  theoretical  angles  obtained  under  conditions  described  in  the 
text.  In  column  A  the  triangles  are  rotated  clockwise  ;  in  column  C.  counter-clockwise. 
The  arrows  rotate  counter  clockwise  in  column  B  and  clockwise  in  column  D.  A\hich 
electrocardiogram  was  derived  from  e!»ch  of  these  positions  Is  given  in  Table  1. 
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of  the  E  waves  even  in  those  curves  (Figs.  2,  3,  4  and  10).  which  exhibit  the 
forms  of  left  preponderance.  If  the  curves  of  the  left  and  right  preponderance 
(Figs.  4  and  6)  are  compared,  the  form  of  the  T  waves  in  lead  /  is  the  reverse 
of  the  B  waves  ;  in  the  other  leads,  especiaUj-  in  lead  ///,  an  account  such 
as  this  is  incorrect.  It  is  not  intended  that  this  description  be  taken  to 
mean  that  a  profound  relation  between  the  two  waves  does  not  exist,  nor 
that  the  alterations  found  are  not  due  to  the  position  of  the  leads.  It  has 
a  different  purpose  ;  it  is  to  show  that  this  description  of  the  facts,  that 
is  to  say,  the  like  signs  in   i?  waves  and    T  waves,  found  in  X.I..  is  not 


Fig.  12.  Segments  of  the  circumference  of  three  concentric  circles  are  sho«Ti.  On  the  outer 
circle  are  plotted  the  range  and  location  of  left  jjreponderance  curves  of  an  individual  showing 
left  i>reponderance  in  cur\es  derived  from  chest  leads.  On  the  middle  circumference  are 
shown  similar  data  taken  from  cur\-es  of  a  normal  individual,  presenting  a  normal  electro- 
cardiogram. On  the  inner  circumference  are  entered  similar  data  obtained  from  an  individual 
showing  cur\-es  of  right  ventricular  preponderance.  .At  -r29^,  -—43"  and  +46°  there  are 
arrows  indicating  the  natural  anatomical  angles  of  the  heart  of  the  normal  individual  (  +  46°)  ; 
of  the  individual  showing  curves  of  left  preponderance  (  —  29°)  ;  and  of  the  individual  showing 
cur\"es  of  right  preponderance  (—43"). 


duplicated  in  this  case,  perhaps  because  the  T  waves  in  the  first  place  are 
not  so  prominently,  and,  in  the  second  place,  not  so  simply  formed. 

It  is  instructive  to  indicate  on  the  circumference  of  a  circle  at  which 
anatomical  positions,  both  normal  and  artificial  curves  of  right  and  left 
ventricular  preponderance  were  obtained,  and  to  compare  these  results 
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with  those  of  N.I.  preNdously  reported.  In  L.V.P.,  curves  of  left 
preponderance  were  found  between  +69°  and  — 51°,  a  range  of  120°  (Fig.  12). 
In  the  same  figure,  on  a  circumference  drawn  within  and  concentric  mth 
this  one,  the  measurements  obtained  from  the  curves  of  N.I.  are  given. 
In  him,  the  signs  of  left  preponderance  were  found  between  +G°  and  — 114°, 
a  range  also  of  120°.  In  L.V.P.,  the  signs  of  right  preponderance  appear  at 
angles  between  — 91°  and  — 171°,  a  range  of  80°  ;  in  the  normal  case,  between 
— 154°  and  +126°,  a  range  also  of  80°.  So  far  as  the  Q.R.S.  complexes 
indicative  of  preponderance  in  these  two  cases  are  concerned,  they  cover 
similar  ranges  and  differ  only  in  respect  of  the  anatomical  angles  at  which 
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*  Einthoven  (\V.),  Bergansius  (F.  L.),  and  Bijtel  (J.).  "  Die  gleichzeitige  Registrieriing 
elektrischer  Erscheiuungen  mittels  zwei  oder  mehr  Galvanometer  und  ihre  Anwendung  auf  die 
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t  Measurements  of  the  S  wave. 

they  are  found,  the  difference  being  an  advance  in  a  clockwise  direction  of 
63°  on  the  part  of  the  curves  of  L.V.P..  Normal  or  approximately  normal 
curves  were  obtained  over  a  hke  range  in  both  cases.  In  both  cases  also 
the  sharpest  change  between  the  right  and  the  left  forms  took  place  in  40°. 

The  curves  of  the  case  of  right  ventricular  preponderance  (hereafter 
called  R.V.P.)  (Fig.  13)  are  to  be  contrasted  with  these.  The  anatomical 
angle  of  this  heart  was  43°.  Curves  (Figs.  14-22)  were  taken  at  points 
found  by  rotating  a  triangle  according  to  the  plan  adopted  in  the  other  cases. 
The  diagrams  indicating  their  derivations  are  given  in  Fig.  23.     In  Table  II 
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are  fomul  tlio  corrci^poiuling  angles  and  curves.  Curves  iudicativo  of 
right  preponderance  were  found  over  a  range  of  200°,  from  +3°  to  — 157° 
(Figs.  14,  15,  21  and  22).  The  curves  taken  at  — 157"  and  +163°  are  inter- 
mediate in  form  (Figs.  19  and  20).  The  curves  of  left  preponderance  were 
found  over  a  range  of  SO",  from  -37"  to  —117"  (Figs.  1(>.  17  and  IS). 
Xo  curve  resembling  the  normal  was  found.  If  additional  curves  had  been 
taken  between  those  obtained  at  +3"  and  — 37"  (Figs.  15  and  16),  one 
resembhng  normal  might  have  been  found.  For  between  these  positions 
the  S  waves  in  lead  /  became  shorter,  and  the  Q  waves  in  lead  ///  became 
longer.  The  ])osition  at  wliich  this  curve  may  have  been  found  is  indicated 
on  Fig.  12.  If  this  surmise  is  correct,  the  curve  resembhng  normal  in  this 
.series  is  to  be  found,  passing  in  a  counter  clockwise  direction,  between  the 
curves  showing  right  and  those  showing  left  ventricular  preponderance.  It 
is  in  this  situation  that  the  normal  curves  were  found  in  the  other  two 
series.  On  a  third,  innermost,  circumference  (Fig.  12)  these  values  are 
indicated. 

As  in  the  curves  of  L.V.P.,  the  T  waves,  especially  in  lead  /  in  the 
ciu-ves  of  the  limb  leads  (Fig.  13)  and  of  the  corresponding  ones  of  the  chest 
leads  (Fig.  14),  have  signs  opposite  to  those  of  the  R  waves.  But  as  the 
triangle  of  the  leads  is  rotated  the  same  lack  of  simple  correspondence  in 
the  beha\'iour  of  the  sign  of  these  two  waves,  R  and  T,  appears.  What 
was  said  of  this  phase  of  the  subject  in  the  discussion  of  L.V.P.  may  be 
repeated  here.  Compare  the  curve  of  right  i^reponderance  (Fig.  15)  with 
that  of  left  preponderance  (Fig.  16)  ;  the  T  waves  in  leads  /  and  /// 
have  similar,  and  not  opposite,  forms.  The  T  waves,  moreover,  in  the  six 
curves  of  right  preponderance  (Figs.  14,  15,  19  to  22)  differ  distinctly.  To 
say  this  is,  however,  to  say  no  more  than,  as  was  stated  in  discussing  similar 
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Figs.  13-22.  In  each  figure  cur\-es  are  pi-esented  from  electrocardiographic  leads,  /,  //  and  /// 
from  above  downward.  They  are  taken  synchi-onously  by  three  galvanometers.  The 
technique  of  taking  them  is  given  in  an  earlier  paper.'  Divisions  of  the  ordinates  equal 
10"'  volts.  Divisions  of  the  abscissa?  004  of  a  seconil.  Fig.  IS  is  of  the  usual  limb  leads. 
In  Fie.  23  is  given  the  derivation  of  each  of  the  other  leads. "  The  oriainal  curves  are  sharply 
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facts  in  the  case  of  L.V.P.,  that  it  is  more  difficult  to  make  general  statements 
of  the  behaviour  of  these  more  intricate  waves  in  cases  of  preponderance 
than  was  possible  in  N.I..  Although  the  data  are  too  Umited  to  permit 
a  general  statement,  they  indicate  the  existence  of  a  diflference  in  beha^^ou^ 
between  the  normal  heart  and  the  cases  of  cardiac  enlargement.  If  in  the 
hght  of  greater  experience  this  difference  is  shown  to  obtain  generally,  a 
new  point  in  the  distinction  between  curves  resulting  from  cardiac  enlarge- 
ment and  those  due  to  position  alone  may  be  estabUshed.  The  curves  at 
our  chsposal  allow  no  more  than  this  suggestion. 

The  differences  between  the  curves  of  X.I.  and  L.V.P.  on  the  one  hand, 
and  of  N.I.  and  R.V.P.  on  the  other,  are  shown  on  comparing  the  ranges 
and  the  positions  of  the  three  when  these  are  indicated  on  concentric 
circumferences  (Fig.  12).  Those  of  L.V.P.  and  N.I.  have  already  been 
discussed.  When  the  curves  of  left  preponderance  derived  from  R.V.P. 
are  compared  -with  the  others,  they  are  found  to  cover  a  much  contracted 
range,  that  is  to  say,  80°,  from  — 37°  to  —117°.  The  transition  between  right 
and  left  preponderance,  as  in  the  other  cases,  takes  place  sharply  in  40", 
between  — 37°  and  +3°.  The  curves  of  right  preponderance  have,  on  the 
other  hand,  a  wide  range,  200°,  wider  by  far  than  the  range  of  left 
preponderance  occupied  by  L.V.P..  No  curve  approximating  normal  was 
obtained.  The  location  of  a  probable  normal  point  is  far  removed 
from  the  normal  points  in  the  other  two  cases  ;  in  them,  the  curves 
of  approximately  normal  appearance  he  in  the  lower  half  of  the  circle, 
while  that  of  R.A^.P.  is  found  in  the  upper  half.  It  has  already  been  pointed 
out  that  so  far  as  the  appearance  of  left  jireponderance  is  concerned,  L.V.P. 
is  advanced  63°  bej'ond  the  normal,  in  the  sense  of  clockwise  rotation. 
R.V.P.,  on  the  contrary,  lies  43°  beyond  the  normal  in  a  counter-clockwise 
direction. 

It  is  at  the  present  time  impossible  to  deduce  from  these  curves  alone 
the  significance  of  the  data  observed  when  rotations  of  this  sort  are  made, 
or  the  meaning  of  the  extension  or  contraction  of  the  ranges  at  which  curves 
of  a  given  type  are  found.  That  in  certain  respects  sets  from  two  cases 
agree  and  in  others  fail  to  do  so,  maj'^  itself  represent  a  maimer  of  describing 
a  set  of  curves  in  terms  of  standards.  At  the  moment  they  do  not  simpUfj' 
conceptions  either  of  the  anatomy  or  of  the  electrophysiology  of  the  heart. 
They  do,  however,  make  clear  certain  matters.  First,  by  means  of  this 
technique  it  has  been  possible  to  show  that  there  are  enlarged  hearts  which, 
Iilaced  in  certain  anatomical  angles,  would  jield  normal  curves.  Second, 
the  range  of  positions  over  which  preponderance  curves  are  found  is  not 
necessarily  so  great  as  to  exclude  the  possibiUty  that  the  same  heart,  if 
differently  placed,  might  yield  normal  curves.  If,  for  example,  in  L.V.P., 
the  anatomical  angle  had  been  sUghtly  greater  than  -f  69°,  not  an  impossible 
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Pig.   23.     Tliis  figure  is  similar  to  Fig.  11,  but  applies  to  the  case  of  right  ventricular 
preponderance. 
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aatural  angle,  enlargement   of  the  heart   might  have  been  concealed.     It 
follows  from  these  considerations  that  : — 

1.  Curves  of  preponderance  may  he  derived  from  normal  hearts,  as  in 
the  case  of  the  soldiers  described  in  our  first  paper,  and  the  deduction  that 
disease  is  present  ma}-,  therefore,  improperly  be  inferred. 

2.  Hearts  \\  inch  are  enlargetl  and  the  subject  of  disease  maj'  j'ield 
normal  curves.  The  normal  curves  may  similarly  be  responsible  for  an 
incorrect  conclusion.  There  can  be  no  doubt  that  electrocardiograms 
when  incompletely  considered  occasion  both  varieties  of  faulty  conclusion. 

3.  The  form  and  direction  of  the  T  wave  in  the  preponderance  curves 
of  enlarged  hearts  do  not  change  in  so  simple  a  manner  on  rotating  the  leads 
as  was  the  case  in  the  normal  subject  investigated.  This  difference, 
experience  may  show,  may  serve  to  distinguish  true  preponderance  curves 
from  those  dependent  for  tiieir  form  on  the  position  of  the  heart. 

4.  Two  factors  at  least  influence  the  form  of  the  electrocardiogram, 
the  position  of  the  heart  and  the  type  of  hypertrophy.  The  combined 
influences  of  these  factors  determines  the  positions  on  the  circumference  at 
which  the  normal  and  the  hypertiophic  curves  are  located. 
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CLUBBED    FINGERS    AS    A    SIGN     OF    SUBACUTE     INFECTIVE 
ENDOCARDITIS. 

By  THOMAS  F.  COTTON. 
(  University  College   Hospital  Medical  School.) 


The  clinical  observations  upon  which  this  report  is  based  were  undertaken 
with  the  object  of  enquiring  into  the  relation  between  clubbed  fingers  and 
infection  in  chronic  valvular  disease  of  the  heart. 

A  great  deal  has  been  written  about  clubbed  fingers  by  cHnicians  in 
the  past.  Aristaios  of  Cappadocia  speaks  of  '"  the  nails  of  the  fingers 
crooked  "  in  the  year  100  B.C..  Cshus  AureHanus*  later  described  in  some 
detail  this  finger  deformity,  and  refers  to  clubbed  fingers  as  a  sign  of  chronic 
empj-ema  and  of  phthi.sis.  Pigeaux*  in  1832  first  uses  the  expression 
hippocratic  fingers.  He  noted  curving  of  the  nails  in  167  of  200  phthisical 
patients  ;  he  also  recorded  this  sign  in  many  patients  emaciated  from 
chronic  disease.  Pierre  Marie,"  in  1890,  reported  a  case  in  which,  among 
other  signs,  clubbing  of  the  fingers  was  an  outstancUng  feature,  and  he  gave 
to  this  condition  the  name  osteo-arthropathie  hypertrophiante  pneumonique. 
Based  on  a  cUnical  study  of  this  case,  and  an  analysis  of  others,  he  concludes 
that  the  lesion  is  primarily  one  of  the  respiratory  tract  ;  that  here 
putrefactious  substances  are  produced,  which  carried  into  the  circulation 
have  a  selective  action  on  certain  parts  of  the  bones  and  articulations.  A 
j-ear  later  Bamberger'  reported  a  series  of  cases  with  chronic  lung  or  heart 
disease,  and  noted  that  clubbing  of  the  fingers  in  the  heart  cases  was  not 
associated  \nth  bone  changes.  Certain  of  these  were  certainly  cases  of 
ulcerative  endocarditis  ;  some  were  diagnosed,  others  not.  He  looked  upon 
finger  clubbing  in  congenital  heart  disease  as  a  sign  of  venous  stasis  ;  but 
admits  that  many  cases  of  chronic  heart  disease  present  signs  of  venous 
engorgement  \\ithout  finger  clubbing.  He  attaches  no  other  particular 
importance  to  this  sign.  Walters'"  in  1895  considers  there  are  four  types  of 
clubbed  fingers ;  (1)  clubbed  fingers  with  alteration  in  the  long  bones  as  seen 
in  pulmonary  osteoarthropathy  :  (2)  clubbed  fingers  only  :  (3)  a  mixed  form 
with  primary  thickening  of  the  terminal  phalanges  :  (4)  clubbed  fingers  of 
chronic  heart  and  lung  disease.     Walters  observed  clubbing  of  the  fingers 
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in  congenital  heart  disease  ;  he  saw  it  in  foetal  life,  and  noted  that  there 
were  no  bone  changes.  He  records  clubbing  in  a  seven-year-old  girl  with 
mitral  insufficiency  ;  in  a  patient  -with  specific  disease  and  aortic  regurgita- 
tion ;  in  a  man  with  angina  pectoris  he  saw  this  sign  develop  in  a  few  weeks. 
Gilbert^  found  finger  clubbing  in  manj'  cases  of  biliarj'  cirrho.sis  ;  he  saw 
it  in  enterogenous  cyanosis.  Recklinghausen  observed  unilateral  clubbing 
associated  with  aneurism  of  the  right  subclavian  artery.  He  states  that  in 
one  case  of  subclavian  aneurism  the  clubbing  disappeared.  Pigeaux 
considers  finger  clubbing  due  to  a  local  circulatory  disturbance  with  a 
consequent  cedematous  swelling  and  heaping  up  of  the  nail  matrix.  He 
thought  that  if  the  nail  matrix  was  raised  above  the  nail  bed  that  the  nail 
must  grow  downwards  towards  the  palmar  surface.  Herz,*  by  experimentally 
widening  the  capillaries,  produced  finger  clubbing.  Kolliker  thought  that 
the  formation  of  the  nail  substance  depends  upon  the  vessels  of  the  nail  bed  ; 
that  a  frequent  changing  condition  of  the  nail  bed  liable  to  an  irregular 
growth  of  the  nail — a  thickening,  thinning,  or  even  loss  of  the  nail,  and  that 
the  deformity  in  cyanosis  and  jihtliisis  depends  upon  tins.  Esbaeh'*  asserts 
that  there  is  increased  nourishment  with  new  tissue  formation  of  the  nail 
plate.  West^'  does  not  think  that  the  swelling  of  the  pulp  is  due  to  oedema. 
He  looks  upon  the  condition  as  one  of  sclerodermatous  hypertrophy  of  the 
cutaneous  and  subcutaneous  tissue  due  to  a  local  circulatory  disturbance. 
The  X-ray  examination  of  the  terminal  phalanges  was  negative  in 
all  cases  observed  by  him.  The  morbid  anatomy,  according  to  Shaw,'-* 
is  one  of  fibrous  thickening  of  the  rete  mucosa  with  dilatation  of 
the  capillary  loops  under  the  nail,  enlargement  of  the  interpapillary 
processes  without  any  other  alteration  of  the  skin,  and  an  increase 
in  the  connective  tissues.  He  favours  the  view  that  the  mechano-toxic 
hypothesis  of  Beclere-  offers  an  ingenious  explanation  of  the  pathogenesis 
of  clubbed  fingers.  Beclere  considers  that  venous  blood  naturally  contains 
substances  which  provoke  changes  in  the  fingers,  and  that  if  during  its 
passage  through  the  lungs  there  substances  are  not  removed  from  the  blood, 
clubbing  results. 

From  this  brief  historical  survey  of  the  clinical  observations  and 
pathological  studies,  it  will  be  .seen  that  clubbing  of  the  fingers  has  long  been 
associated  with  certain  clinical  conditions,  more  often  with  chronic  disease 
of  the  respiratory  tract,  but  not  infrequently  with  congenital  maladies  and 
chronic  and  acquired  disease  of  the  heart.  Certain  theories  have  been 
advanced  to  explain  the  mechanism  of  production  of  this  finger  deformity. 
The  consensus  of  opinion  seems  to  have  been  that  clubbing  of  the  fingers 
is  a  sign  generally  associated  -with  toxic  absorption  or  local  venous  stasis 
in  respiratory  diseases,  and  with  the  last  factor  alone  in  cardiac  disease. 

It  was  in  1917,  soon  after  the  Sobraon  Mihtary  Heart  Hospital  was 
opened  at  Colchester,  that  clubbed  fingers  first  attracted  my  interest.  At 
this  time  many  patients  with  chronic  valvular  disease  of  the  heart  were 
under  observation,  and  occasionally  cases  of  subacute  infective  endocarditis 
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occurred  in  this  group.  In  several  subacute  infective  endocarditis  cases, 
and  in  tliese  alone,  conspicuous  clubbing  was  noticed.  It  occurred  to  me 
that  tliere  might  be  an  association  between  tliis  sign  and  infection  amongst 
chronic  heart  cases,  and  the  possibiUty  of  such  an  association  was  freely 
discussed  amongst  the  medical  officers  of  the  hospital ;  in  a  short  while 
sj'stematic  observations  were  made  upon  the  state  of  the  finger  tips  in  all 
patients  admitted  to  the  hospital  suffering  from  structural  disease  of  the  heart. 
I  soon  became  convinced,  as  did  my  follow  medical  officers,  that  clubbing 
of  the  fuigers  and  subacute  infective  endocarditis  are  more  than  accidentally 
associated.  Before  the  ilihtary  Heart  Hospital  closed,  experience  of  tliis 
association  was  widened  :  and  the  relation  became  more  clearly  apparent, 
until  the  sign  came  to  be  used  by  all  the  medical  officers  of  the  hospital  as 
one  of  the  most  rehable  guides  to  the  presence  of  subacute  infective 
endocarditis  in  the  classes  of  patients  with  which  we  had  to  deal.  To  place 
the  matter  upon  a  more  definite  footing  it  was  later  decided  to  explore  the 
relation  afresh  and  more  full}-.  It  seemed  desirable  to  determine  the 
incidence  of  clubbed  fingers  in  acquired  valvular  disease  of  the  heart,  and  to 
know  the  after-liistories  of  patients  presenting  this  sign. 

For  this  jjurpose  I  have  availed  myself  of  the  material  of  Sir  Thomas 
Lewis's  cUnic  at  University  College  Hospital.  All  patients  admitted  as  cardiac 
cases  to  this  clinic  and  showing  signs  of  acquired  structural  rlisease  of  the 
heart  during  a  period  beginning  in  September.  1919,  and  ending  in  ^larch, 
1921,  have  been  examined  clo-seh',  and  for  the  most  part  repeatedly,  for 
clubbing  of  the  fingers.  The  total  number  of  cases  of  acquired  structural 
disease  of  the  heart  under  observation  during  tliis  time  has  been  798.  The 
patients  have  been  Army  jiensioners,  men  in  their  twenties,  thirties  and 
forties  for  the  most  part.  Included  in  the  798  cases  are  77  without  definite 
signs  of  valvular  di.sease,  but  in  whom  signs  of  myocardial  damage  were 
recognised.  The  remaining  721  all  presented  signs  either  of  mitral  stenosis 
or  of  aortic  disease.  I  purposely  exclude  from  this  report  cases  with  signs 
of  congenital  valvular  disease,  being  concerned  in  tliis  report  «ith  acquired 
heart  disease  only. 

To  give  a  general  survey  of  the  types  of  cases  examined,  Table  I  is 
published.*  Of  a  total  number  of  798,  341  or  42%  presented  signs  of 
aortic  regurgitation  :  219  or  27°q  those  of  mitral  stenosis  ;  of  the  remaining 
238,  31  had  aortic  stenosis  and  regurgitation,  130  aortic  disease  and  mitral 
stenosis,  and  77  no  signs  of  valvular  disease.  The  table  is  arranged  to  classify 
the  cases  according  to  etiology,  degree  of  cardiac  enlargement,  etc..  The 
figures  in  brackets  represent  the  number  of  cases  presenting  clubbed  fingers 
in  each  sub-group:  63  or  8°^  of  all  the  cases  showed  this  sign  definitely. 
The  ends  of  the  fingers  appear  swollen  and  rounded.  The  nails  are  convex 
and  there  is  an  increase  in  the  connective  tissue  at  the  base  of  the  nails  and 
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on  the  palmar  surface  of  the  finger  tips,  or  a  lateral  widening  of  the  pulp 
of  the  finger.  There  are  not  necessarily  signs  of  local  venous  stasis,  giving 
a  radish  or  cj'anosed  appearance,  as  in  the  clubbed  fingers  associated  with 
congenital  heart  disease.  The  finger  tips  are  in  some  distinctly  pale,  in 
others  the  colour  is  in  no  way  different  from  that  of  normal  healthy  skin. 
In  some  the  changes  in  the  finger  tips  are  associated  with  hard  and  scaly 
hands,  frayed  nails  or  nail  bed,  or  other  signs  of  local  injury.  The  clubbed  or 
dumbbell  appearance  of  the  ends  of  the  fingers  is  more  strildng  in  some  than 
others,  but  only  those  presenting  definite  finger  deformity  are  included  in 
this  report. 

Forty-two  cases  with  clubbed  fingers  had  aortic  regurgitation,  10  had 
mitral  stenosis,  one  aortic  stenosis  and  regurgitation,  8  had  both  aortic 
disease  and  mitral  stenosis,  and  there  were  2  without  signs  of  valvular  disease. 
The  heaviest  incidence  of  clubbing  lies  clearly  in  the  aortic  groups  ;  it  is 
12%  as  compared  with  4-5<^o  in  the  mitral  stenosis  group  and  6°.o  in  the  g^oup 
with  lesions  of  both  valves.  721  cases  of  the  whole  series  or  90%  had  no 
signs  of  venous  engorgement,  and  of  these,  30  or  4%  had  clubbed  fingers  ; 
77  or  10%  had  definite  signs  of  venous  engorgement,  and  of  these,  33  or 
43%  had  clubbed  fingers. 

The  heart  was  much  enlarged  in  145  or  18%,  and  finger  clubbing  was 
observed  in  18  or  12%  of  these.  Moderate  or  slight  enlargement  was  noted 
in  563  or  70%,  and  signs  of  clubbing  were  reported  in  45  or  8%  of  these. 
The  heart  was  not  enlarged  in  90  cases,  and  clubbing  was  not  observed  in 
any  of  these. 

There  was  a  history  of  rheumatic  fever  in  254  cases,  and  18  or  7%  of 
these  had  clubbed  fingers.  146  either  had  a  history  or  showed  signs  of 
syphilis,  and  in  7  or  5%  the  presence  of  clubbing  was  noted.  In  a  larger 
number,  398,  there  was  no  history  of  rheumatic  fever  nor  signs  of  sj^philis  ; 
38  of  these  or  10%  had  clubbed  fingers. 

It  is  clear  from  these  figures  that  in  acquired  chronic  valvular  disease 
the  incidence  of  clubbed  fingers  is  relatively  liighest  in  those  cases  presenting 
signs  of  venous  engorgement ;  that  clubbed  fingers  is  more  frequently 
associated  \^-ith  aortic  disease  than  with  mitral  disease,  and  is  least  often 
observed  when  signs  of  valvular  disease  are  absent  ;  that  clubbing  is  relatively 
more  frequent  in  those  with  signs  of  considerable  enlargement  than  in  cases 
with  moderate  or  sHght  increase  in  the  size  of  the  heart  ;  and  that  it  is  not 
seen  or  at  least  relatively  infrequently  in  cases  without  signs  of  cardiac 
enlargement.  It  is  somewhat  more  often  noted  in  patients  giving  a  liistory 
of  rheumatic  fever  than  in  those  \dth  a  history  or  signs  of  sj^philis.  In  many 
cases  presenting  this  sign  there  is  no  history  of  either  infection  ;  in  fact,  the 
incidence  is  nearlj-  as  high  in  this  group  as  in  the  rheumatic  and  S3'philitic 
groups  combined.  This  analj-sis  reveals  two  chief  associations  :  the  most 
striking  is  the  relation  between  clubbed  fingers  and  congestion  of  the  venous 
system,  the  less  striking  the  relation  between  clubbed  fingers  and  aortic 
disease.     Even  in  the  first,  however,  the  relation  does  not  even  approach 
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toward  the  absolute.  The  meaning  of  these  relations  becomes  apparent 
when  it  is  realised  that  almost  all  our  cases  of  subacute  infective  endocarditis 
have  presented  unequivocal  signs  of  venous  congestion,  and  that  in  the  group 
with  infective  endocarditis  aortic  lesions  predominate.  The  relation  of 
clubbed  fingers  to  congestion  and  aortic  disease  is  not  a  direct  relationship. 

Relation  to  infective  endocarditis. 

Details  of  the  individual  cases  with  clubbed  fingers  are  given  in  Table  II. 
Here  are  tabulated  for  each  case  the  age,  the  history  of  rheumatic  or 
syphilitic  infection,  duration  of  symptoms,  the  signs  of  structural  disease 
of  the  heart,  and  the  signs  of  infection.  The  object  of  this  table  is  to  display 
the  close  association  of  clubbed  fingers  \nth  infective  endocarditis.  In 
Ca^es  1-44  or  70%  of  the  63  cases  anal3'sed,  the  diagnosis  of  subacute  infective 
endocarditis  was  unavoidable.  An  infective  lesion  was  suspected  in  Cases 
45-48.  but  a  diagnosis  could  not  be  reached.  In  Cases  49-03  there  was  no 
evidence  of  infection. 

Seventeen  cases  with  post-mortem  confirmation  of  infection.  In  Cases  1-17 
the  diagnosis  of  subacute  infective  endocarditis  rests  upon  the  following 
signs  :  chronic  valvular  disease  associated  with  pallor,  splemc  enlargement, 
pyrexia,  petechias  and  other  embolic  signs.  In  one  of  these  pyrexia  was 
absent  (Case  9),  and  in  two  others  (Cases  2  and  11)  emboUc  signs  were  not 
recorded.  A  post-mortem  examination  was  made  in  all,  and  in  every  case 
the  structural  changes  found  were  t\pical  of  subacute  infective  endocarditis. 

Thirteen  cases  with  manifest  signs  of  infection.  Cases  18-30  all  presented 
signs  of  structural  disease  of  the  aortic  or  mitral  valves  ;  splenic  enlargement 
was  not«d  in  all ;  in  all  pallor  was  striking,  and  in  only  four  instances 
(Cases  25,  27,  28  and  29)  did  we  fail  to  note  pj'rexia.  None  of  those  in 
whom  pjTcxia  was  not  recorded  were  admitted  to  the  wards,  so  that  no  real 
oi)iiortunity  occurred  of  determining  the  presence  or  absence  of  fever.  In 
one  case  alone  (Case  30)  petechiie  were  not  recorded  ;  a  careful  examination 
for  this  sign  was  not  made  in  this  case.  A  recurrent  purpuric  eruption  was 
observed  in  five  cases  (Cases  18-22).  These  ha?morrhagic  spots  appearing 
as  a  crop  on  the  skin,  usually  of  the  lower  extremities,  fade  in  a  few  daj's 
and  maj'  reappear.  This  sign  is  striking,  and,  like  the  solitary  or  scattered 
peteclii£e,  a  helpfiU  sign  in  the  diagnosis  of  subacute  infective  endocarditis. 
In  Cases  18,  20,  and  25-30,  gross  signs  of  embolic  obstruction  of  a  large 
artery  were  observed  ;  in  Case  20  the  axillary  artery,  and  in  the  others  the 
posterior  tibial  artery  was  affected.  Haematuria  was  noted  in  Cases  18, 
19,  and  21-25.  Osier's  nodes  are  stated  to  be  pathognomonic  of  subacute 
infective  endocarditis.  They  were  seen  in  Cases  23  and  29.  In  Case  21 
the  streptococcus  viridans  was  grown  from  the  blood  stream.*  AH  in  this 
group  are  known  to  have  died  within  a  year  from  the  date  of  diagnosis  of 

*  In  the  great  majority  of  the  cases  blood  cultures  were  not  taken. 
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SIGNS    OF    INFECTK 


Hsematuria. 
Embolus  femoral 

artery. 
Haematuria. 


Osier's  nodes. 

Post- tibial 

embolus. 
Hfematuria. 
Osier's  nodes. 


Osier's  nodes. 


ler's  nodes, 
m b o 1 u s  of 
t.  brachial. 


H  ae  m  a  t  u  1 
Post  -  ti 
aneurism. 

Hematuria 


P.M.     Characteristir    vegetations. 
Splenic  infarcts. 

P.il.      Chara<-t eristic   vegetations. 
Spleen  enlarged  with  infarcts. 

P.M.      Characteristic  vegetations. 
Spleen  enlarged  with  infarcts. 

Streptococci  in  blood. 

P.M.      Characteristic   vegetations. 

Sjjleen  enlarged  with  inifarcts. 
P.M.      Characteristic   vegetations. 

Spleen     enlarged    with     infarcts. 

Renal  infarcts. 

Embolus  cerebral  A. 
P.M.      Characteristic   vegetations. 

Spleen  enlarged  with  infarcts. 

P.M.     Characteristic  vegetations. 


P.M.      Characteristic   vegetations. 
Spleen  enlarged  with  infarcts. 


P.M.      Characteris 


P.M.      Characteristic   vegetations. 
Infarction  spleen  and  kidnej's. 


P.M.      Characteristic  vegetations. 
Splenic  and  renal  infarctions. 


P.M.      Characteristic   vegetations. 
Infarction  of  spleen  and  kidneys. 


P.M.      Characteristic   vegetations. 
I     Infarction  spleen  and  kidneys. 


P.M.      Characteristic   vegetations. 
Infarction  spleen  and  kidneys. 


P.M.      Characteristic   vegetations. 
Spleen  enlarged.  Renal  infarction. 


P.M.      Characteristic   vegetations. 
Spleen  enlarged  with  infarcts. 


P.M.      Characteristic   vegetations. 
Infarction  spleen  and  kidneys. 


From  heart 
failure. 


From  heart 
failure. 


From  pneumonia. 


From  heart 
failure. 
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HRAKT  SIGNS. 


No. 

Asc. 

Rh. 
Fever. 

Service ,        Duration 
Syph-  1    over-                of 
ilis.     1    seas,    j     Symptoms. 

Duration  from 

diagnosis  to 

death. 

conges- 

Heart 
larged. 

Valves. 

Clubb. 

ed 
Hngcrs. 

22 

23 

- 

+        Yes 

1  1/12  years 

5  months 

+ 

+  + 

Aortic  regiirg. 

- 

23 

39 

- 

-           -. 

G  months 

35  mouths 

+ 

+  + 

24 

2r. 

31 

27 

+ 

— 

" 

lyear 

2  9/12  years 

55  months 
95  months 

+ 

+  + 

Aortic  regtM-^. 

and  mitral 

stenosis 
Aortic  regurg. 

+ 

20 

24 

+ 

- 

'• 

2  years 

1  month 

- 

+  + 

,. 

+ 

27 

40 

- 

- 

I  1/12  yea. 

8  months 

- 

- 

Aortic  stenosis 
and  regm-g. 

+ 

28 

20 

- 

+ 

3  years 

3  months 

+ 

+  -^- 

Mitral  stenosis 

- 

2'J 

30 

- 

- 

4  yeai-s 

75  months 

+ 

+  + 

Aortic  regurg. 

30 

34 

- 

+ 

4  7/12  years 

7  months 

+ 

+ 

- 

31 

35 

- 

- 

„ 

3  3/12  years 

35  months 

- 

-f 

.. 

-i- 

32 

24 

- 

- 

25  years 

3  months 

+ 

+ 

+ 

33 

35 

- 

2  years 

1  year 

- 

4 

-1- 

34 
35 

33 

-' 

— 

2  2/12  years 
2  5/12  years 

2  months 
5  months 

— 

+  + 

Aortic  regurg. 

and  mitral 

stenosis 
Aortic  regurg. 

+ 

36 

22 

'1 

- 

.. 

2  8/12  years 

4.5  months 

- 

+ 

„ 

37 

30 

- 

- 

2  8/12  years 

4/12 

+ 

+  +  + 

„ 

38 

37 

- 

- 

2  years 

2  weeks 

+ 

+  +  + 

,. 

+ 

3!) 

31 

+ 

—          „         2i  years 

1  5/12  years 

+ 

+  + 

., 

-1- 

40 

28 

+ 

—          ..         2  3/12  years 

3  months 

+ 

+  + 

„ 

+ 

41 

42 

- 

+ 

9  months 

0  months 

+ 

(aneurism) 

+ 

42 

23 

— 

~     1      " 

2  3/12  years 

1  month 

— 

+  + 

Aortic  regurg. 

, 
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SIG.N'S    OF    I.\FI 


I';.llor. 

Spleen 
pal- 
pable. 

Pete- 
chi.-e. 

Si(!n5  of  emboli. 

Py- 

Other  evidences  of 
infection. 

Death. 

+ 

+ 

-s- 

Hicraaturia. 

-i- 

From  ui~a!mia. 

Plirpur;i 

4- 

-f 

+ 

Hannaturia. 
Osier's  nodes. 

j_ 

Streptococcus    viiidans    in     blood 
stream. 

From  heart 
failure. 

-^ 

Ha-maturia. 

+ 

From  heart 
failure. 

+ 

+ 

- 

Ha>maturia. 
Post    -   tibial 

- 

From  heart 
failure. 

+ 

+ 

+ 

aneurism. 
?      Post   -    tibial 
embolus. 

-f 

Died  2  weeks  after 
hemiplegia. 

+ 

+ 

+ 

Post  -  tibial 
embolus   and 

- 

From  heart 
faUure. 

+ 

+ 

+ 

+ 
+ 

+ 

aneurism. 
Post  -  tibial 
embolus. 

Osier's  nodes. 

Post  -  tibial 

embolus. 
Post  -  tibial 

embolus. 

+ 

Hemiplegia    with 
death  shortly 
after. 

From  heart 
faUure. 

Death  from  cere- 
bral embolus. 

0 
0 

+ 
+ 

+ 

Osier's  nodes. 
Osier's  nodes. 

+ 

Hemiplegia    with 
death   shortly 
after. 

From  heart 
failure. 

+ 

+ 

Osier's  nodes. 

- 

From  heart 
failure. 

0 

+ 

- 

Osier's  nodes. 

+ 

From  heart 
failure. 

" 

+ 

-f 

Haunatmia. 

+ 

From  pneumonia. 

4- 

+ 

+ 

+ 

+ 

— 

Hemiplegia    with 
death  shortly 
after. 

From  heart 
faUure. 

4- 

+ 

+ 

- 

From  heart 
faUure. 

+ 

+ 

+ 

-f 

Hemiplegia  with 
death  shortly 
after. 

^ 

-f 

- 

+ 

From  acute 
bronchitis. 

0 

+ 

+ 

— 

From  heart 
failure. 
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TABLE  II— co/i(i/ii(t./. 


HEART  SIGNS. 


Service         Duration  Duration  from    Venous    Heart 

aKnosis  to      conges-       en- 
death,  tion.      larged. 


I  Seri-ice         Duration  Dt 

Syph-      over-    1  of  di 

ilis.     I    seas.    I      Symptoms. 


58 

37 

59 

43 

tiO 

38 

Ul 

48 

62 

35 

r.3 

39 

years 
4i  yean, 
14  veai-s 


1  year 

1  5/12  years 

1 0  mouths 


2  years 
0  yeai-s 
U  yeai-s 
19  years 


3  4 '12  years     5  months 
Years  — 

4  years  — 
2  yeais 
SJ  years 
2  years 

2  yeai-s 
li  yeais 
4  years 
20  years 
4  yeais 

3  years 
3  J  years 


4  days 
7  months 
3  mouths 
18  mouths 


'  +  +  + 


-r       Aortic  vejzurn 


mitr 
Nil 


Aortic  regurg. 

Milrul  stenosis 

Xil 

Mitr.il  stenosis 


Died  from  heart  failure,  an  iu-patient  at  U.C.H.,  in  Septeml.ier,  1922,  with  tl.e  diagnosis  of  su 
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TABLE    n~continued. 


SIGN'S    Or    INFECTION. 

Deith. 

Pallor. 

Spleen 
pable. 

i        ! 

Pele-                                                  Py-     '                        Other  evidences  of 
ch,:e.          Signs  of  emboli       |  rexia.   :                                infection. 

0 

+ 

+ 
+ 

+ 

i      — 

+ 

Hemiplegia  with 
death  shortly 
after. 

From  acute 
bronchitis. 

+ 

? 

-^ 

— 

From  heart 
failure. 

+ 

? 

+■ 

— 

Stationary    after 
20  months. 

0 

+ 

— 

— 

From  heart 
failure. 

+ 

0 

— 

— 

Stationary  after 
18  months. 

0 

+ 

- 

- 

Stationary  after 
18  months. 

Stationary 
rejoine<l  army. 

0 
0 

+ 
+ 

- 

- 

- 

Stationary  after 

18  months. 
Clubbing  congenital 
Stationary    af  t  cr 

18  months. 

+ 

0 

— 

— 

Stationary  after 
18  months. 

+ 
+ 

0 

0 

- 

- 

- 

Auricular  fibrilla- 
tion deyeloped 
within  a  year. 

Stationary  after 
2  years 

0 
0 

0 
0 

_ 

_ 

_ 

From  auricular 
fibrillation  and 
heart-failure. 

Sudden  death. 

0 
0 

0 
0 



: 

: 

Hemiplegia  and 
death  shortlv 
after. 

From  angina. 

0 

0 

- 

- 

—                                                                              F  r  0  m    h  e  a  r  t 
faihtre. 

0 

0 

1 

— 

—                                                                              .\uricular  fibrilla- 

0 

0 

tion    after    18 

months  statnrv. 

—                     —                                                                              Stationary     after 

22  months 

0 

0 

1 

—                                                                                           Stationary   after    IS 
months. 
Clubbing  first   noted 
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subacute  infective  endocarditis.  A  postmortem  examination  was  not 
possible  in  any  of  these,  but  the  ehnical  evidences  of  infection  are  sufficiently 
distinctive  of  the  disease. 

Fourteen  cases  with  sufficient  signs  of  infection.  In  cases  31-44  the  signs 
of  infection  upon  wliich  the  diagnosis  of  subacute  infective  endocarditis 
rests  are  not  so  complete  as  in  the  last  group,  but  in  all  appeared  to  us 
sufficient.  Every  case  showed  signs  of  gross  valvular  mischief,  and  splenic 
enlargement;  pallor  was  absent  in  six  (Cases  31,  32,  34,  35,  42  and  43); 
petechise  were  not  seen  in  five  (Cases  32,  34,  40,  41,  43),  and  pyrexia  was 
recorded  in  only  six*  (Cases  32,  34,  35,  40,  41,  44).  In  four,  Osiers  nodes 
were  observed  (Cases  31,  32,  33,  34),  and  in  one  hjematuria  was  noted 
(Case  35).  Of  five  cases  (31-35)  presenting  signs  of  gross  embolism,  foiir 
showed  no  pallor  (Cases  31,  32,  34,  35),  in  two  no  petechiae  were  observed 
(Cases  32,  34),  and  no  rise  of  temperature  was  recorded  in  two  others 
(Cases  31,  33).  Although  some  signs  of  infection  were  absent,  there  was 
sufficient  evidence  in  these  five  cases  to  make  the  diagnosis  certain.  No 
signs  of  embohsm  were  observed  in  Cases  36-41  ;  there  were,  however,  these 
signs  of  infection  associated  with  valvular  disease  ;  pallor,  enlarged  spleen 
and  petecliiae  (\\ith  two  exceptions).  In  two  ( Cases  40,  41)  in  whom  petechiae 
were  not  seen  pyrexia  was  recorded.  There  can  be  httle  doubt  that  the 
signs  which  these  cases  presented  justified  the  diagnosis  of  subacute  infective 
endocarditis. 

In  Case  42  there  was  aortic  disease,  splenic  enlargement  and  petechiae. 
No  mention  was  made  in  the  out-patient  notes  of  pallor,  pj-rexia  or  embohc 
signs.  It  is  possible  one  or  more  of  these  signs  were  present,  as  the  patient 
was  only  seen  on  one  occasion,  and  he  died  at  home  one  month  later.  It  is 
regrettable  that  the  notes  are  not  more  complete  ;  there  was,  however,  no 
doubt  in  our  minds  that  the  case  was  one  of  subacute  infective  endocarditis. 
The  diagnosis  in  Case  43  was  based  upon  splenic  enlargement  associated  with 
aortic  regurgitation.  This  patient  died  a  year  later  in  another  hospital 
with  the  diagnosis  of  subacute  infective  endocarditis. 

All  of  these  44  cases  are  known  to  have  died  within  a  year  of  the  infective 
condition  being  recognised.  In  17  cases  the  diagnosis  of  subacute  infective 
endocarditis  was  confiirmed  by  autopsy.  In  13  other  cases  the  ehnical 
picture  was  complete  and  unmistakable.  Of  the  remaining  14  cases,  there 
were  5  with  signs  pathognomonic  of  the  disease,  and  9  with  signs  which 
made  the  diagnosis  of  subacute  infective  endocarditis  unavoidable. 

Four  cases  of  suspected  infection.  The  diagnosis  of  subacute  infective 
endocarditis  was  suspected  in  Cases  45-48. t  There  was  doubtful  enlargement 
of  the  spleen  in   Cases  45-46,  associated  with  valvular  cUsease,  pallor  and 

*  The  remaining  eight  cases  being  obser\-etl  as  out-patients  only. 

t  A  number  of  cases  in  which  subacute  iiifeetive  endocarditis  vras  only  susjiected  on  first 
examination  subsequently  were  recognised  as  definite  cases  of  the  disease  and  transferred  to  this 
group. 
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petecliia?.  One  of  these  (Case  45)  is  known  to  have  clied  ten  months  after 
the  first  examination.  The  condition  of  the  other,  when  last  heard  from, 
twenty  months  after  the  disease  was  first  suspected,  was  stationary.  It 
is  probable  that  Case  45  was  one  of  infective  endocarditis.  The  diagnosis 
in  Case  46  still  remains  in  doubt.  Case  47  died  five  months  after  the  first 
examination,  out  of  hospital.  The  signs  of  infection  were  too  few  to  make 
the  diagnosis  certain.  In  Case  48  infective  endocarditis  was  suspected 
because  of  marked  paUor  associated  with  mitral  stenosis.  Eighteen  months 
later  the  disease  had  not  progressed.  With  the  spleen  not  enlarged,  and  no 
other  signs  of  infection  added  to  those  already  observed,  it  is  unUkely  that 
this  case  was  one  of  infective  endocarditis. 

Fifteen  other  cases.  Subacute  infective  endocarditis  was  not  suspected 
in  Cases  49-63.  They  are  included  in  this  table  because  all  presented  signs 
of  valvular  disease  or  cardiac  enlargement  associated  ^\-ith  clubbed  fingers. 
Cases . 4:9-52  had,  in  addition  to  clubbed  fingers,  enlargement  of  the  spleen. 
Xo  other  signs  of  infection  developed  within  a  period  of  ten  to  eighteen  months, 
and  their  general  condition  has  remained  stationary'.  Pallor  was  associated 
with  clubbed  fingers  and  valvular  disease  in  Cases  53-55.  The  condition 
of  the  patient  has  remained  stationary  for  eighteen  months  in  one,  twenty 
months  in  the  second,  and  \^^th  the  onset  of  auricular  fibrillation  in  the 
third  the  disease  has  progressed  with  no  signs  of  infection  added.  In 
Cases  56-63  there  was  clubbed  fingers  with  valvular  disease  ;  no  other 
signs  of  infection  were  noted  in  these.  Four  are  known  to  have  died  of 
heart  failure,  and  death  followed  shortly  after  the  sudden  onset  of  hemiplegia 
in  another.  Fibrillation  of  the  auricles  developed  in  Case  62,  and  the  finger 
clubbing  was  congenital  in  Case  63  as  in  Case  51.  In  all  these  cases.  49-63, 
apart  from  clubbed  fingers  and  the  signs  already  mentioned,  no  signs  of 
infection  were  observed  within  a  period  of  10-22  months.  In  none,  therefore, 
was  subacute  infective  endocarditis  diagnosed.  Clubbing  is  known  to  occur 
in  congenital  heart  disease  and  in  a  variety  of  clinical  conditions.  Such  a 
deformity  can  develop  during  the  course  of  a  disease  and  disappear  with  the 
cure  of  the  disease.  It  is  also  commonly  recognised  as  a  congenital  anomaly. 
Such  changes  in  the  finger  tips  are  not  infrequently  seen  in  labourers  with 
hard  and  scaly  hands  or  damaged  nails.  There  may  be  thickening  of  the 
nail  bed,  and  this  is  not  infrequently  associated  with  flaking  of  the  skin 
about  the  lunida  :  a  process  of  chronic  superficial  irritation  is  set  up.  and  the 
tissue  changes  probably  result  from  tliis.  There  are  others  in  whom  no  signs 
of  local  injur}-  can  be  found  ;  in  whom  aU  signs  of  chronic  irritation  are 
absent  ;  in  whom  there  is  a  complete  absence  of  local  or  general  venous 
engorgement.  The  deformity  in  these  maj-  be  stated  to  have  been  present 
since  birth,  or  to  have  made  its  appearance  in  early  cliildhood.  The  deformity 
is  a  permanent  one.  and  often  it  is  the  phj'sician  who  first  draws  the  attention 
of  the  patient  to  the  condition.  Cases  49-63  belong  to  this  group,  and  no 
prognostic  significance  attaches  to  the  sign  in  these. 
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Tabic  III  is  given  to  show  the  rehxtive  incidence  of  death  w  ithin  a  period 
of  22  months  of  all  cases  included  in  these  observations.  It  also  disj)lays 
the  relative  frequency  of  signs  of  infection  in  the  two  groups  ;  those  with 
clubbed  fingers  and  those  in  whom  tliis  sign  was  absent.  Within  a  period 
of  22  months  51  cases  out  of  a  total  of  63,  or  80%,  with  clubbed  fingers  are 
known  to  have  died.  The  after-histories  of  tho  remaining  cases  of  structural 
disease  of  the  heart  without  clubbed  fingers  show  that  27  out  of  a  total  of  73o, 
or  3%,  died  within  the  same  period.  It  will  be  seen  that  signs  of  infection 
are  rarely  observed  in  the  group  without  clubbed  fingers.  The  spleen  was 
enlarged  in  6  cases  and  pallor  was  noted  in  two  ;  no  other  signs  of  infection 


No. 

of 

cases. 

Club- 
bing. 

Pallor. 

Spleen 
pable. 

Pete- 
chi:e. 

Signs 
emboli. 

Py- 

Deaths. 

Longest  period 

of  observation 

from  diagnosis 

to  death. 

Infective  endocarditis 

17 

17 

17 

17 

13 

10 

10 

,- 

10  months 

(jjost-mortem  cases) 

Infective  endocarditis 

27 

27 

22 

27 

21 

IS 

15  + 

27 

17       .. 

Suspected  infect,  endoc. 

4 

4 

3 

1  (?2) 

2 

0 

0 

2 

10       „ 

Not  su.spected  of   infec- 
tion 

1.5 

l.-> 

^ 

^ 

0 

0 

0 

5 

1«       ,. 

Total  for  clulibcl  finders 

63 

G3 

45 

49 

36 

28 

31 

51 

No  clubl^ng        .  . 

735 

0 

2 

6 

' 

0 

0 

27 

22  months 

were  recorded.  The  death  rate  is  very  high  in  those  with  clubbed  fingers  ; 
80%  as  compared  with  3%  in  the  group  without  this  sign.  Death  was  due 
to  heart  failure  in  many  cases  ;  a  cardiorenal  death  was  noted  in  others. 
Some  died  shortly  after  the  onset  of  hemiplegia.  In  a  few  an  acute  infection 
of  the  respiratory  tract  terminated  the  disease. 

The  prognosis  in  subacute  infective  endocarditis  is  known  to  all 
clinicians  ;  it  is  a  fatal  disease.  The  diagnosis  is  by  some  considered  a 
difficult  one  in  the  absence  of  a  bacteriological  examination  of  the  blood. 
It  is  true  that  this  disease  can  be,  and  often  is,  recognised  when  the  bacterio- 
logical report  is  a  negative  one.  Pallor,  pyrexia,  and  splenic  enlargement 
in  chronic  valvular  disease  clearly  point  to  an  active  infection.  Pallor  is 
not  always  present,  the  spleen  may  not  always  be  palpable,  and  pyrexia  is 
often  absent  over  considerable  periods,  and  is  usuaUy  absent  at  the  time  of 
examination  of  out-patients.     It  has  been  shown  that  in  patients  suffering 
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from  chronic  valvular  tUsease  the  presence  of  clubbed  fingers  is  usually 
associated  with  active  vegetations  of  the  subacute  or  chronic  type,  and  that 
in  consequence  of  tliis  infection  the  disease  terminates  fatally. 


Summary. 

In  798  cases  of  structiu-al  disease  of  the  heart  in  pensioners  of  the  recent 
war  clubbing  of  the  fingers  was  noted  in  63  instances. 

This  group  of  63  cases  has  been  subjected  to  careful  and  prolonged 
examination,  and  the  after -histories  of  the  individuals  have  been  followed 
until  death,  or  for  periods  in  no  case  less  than  eighteen  months  from  the  date 
of  diagnosis. 

Of  the  63  cases,  44  cases  proved  at  the  time  of  the  first  examination  or 
subsequentlj-  to  be  clear  instances  of  subacute  infective  endocarditis.  These 
cases,  without  exception,  died  within  seventeen  months  of  the  first  diagnosis 
of  the  infection,  and  in  the  17  where  post-mortem  examinations  were 
available  the  original  diagnosis  was  confirmed. 

Of  the  remaining  19  cases,  4  others  presented  signs  of  infection  which 
were  regarded  as  doubtful,  but  not  conclusive.  Two  of  the  4  died  within  a 
short  period  and  were  almost  certainly  infected  cases.  The  remaining  two 
are  still  alive  and  are  almost  certainly  not  cases  of  infective  endocarditis. 

Of  the  15  cases  remaining  out  of  the  19  subacute  infective  endocarditis 
has  in  no  case  been  suspected.  In  two  of  these  15  the  patients  stated  that 
their  fingers  had  been  clubbed  for  periods  of  very  many  years.  In  a  number 
of  others  the  clubbing  consisted  of  thickening  of  the  nail  bed,  and  this  was 
associated  %vith  small  breaks  in  the  skin  of  the  lunula  of  the  nail  and  a  process 
of  chronic  superficial  irritation.  In  none  of  the  15  cases  were  there  physical 
signs  of  disease  of  the  lungs.  Of  the  15  cases,  5  succumbed  duiing  the  period 
over  which  the  after-histories  of  the  infected  cases  were  followed. 


Conclusions. 

In  cases  of  structural  heart  disease  occurring  amongst  adults,  clubbing 
of  tiie  fingers  is  usually  associated  with  subacute  infective  endocarditis. 

Although  clubbing  of  the  fingers  is  not  to  be  regarded  in  these  cases  as  a 
conclusive  sign  of  infection,  it  is  nevertheless  one  of  the  most  valuable  signs 
we  possess  in  coming  to  a  correct  diagnosis. 
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OBSERVATIONS    RELATING    TO    THE    ACTION    OF    QUINIDINE 

UPON   THE   DOG'S    HEART;    THE    REFRACTORY    PERIOD 

OF,   AND   CONDUCTION   IN,   VENTRICULAR   MUSCLE.* 

By    A.    N.    DRURY,    W.    N.    HORSFALL   and    W.    C.    MUNLY. 

(  University  College  Hospital  Medical  School.) 


A  CONSIDERABLE  auiount  of  experimental  work  has  been  alreadj'  performed, 
with  regard  to  the  action  of  quinidine,  upon  the  cold-blooded  and  warm- 
blooded heart,  owing  to  the  interest  which  has  been  aroused  by  the  action 
of  this  drug  in  cUnical  cases  of  auricular  fibrillation.  In  previous  studies 
in  this  laboratory,^  concerned  as  they  were  with  auricular  fibrillation,  the 
action  of  quinidine  upon  the  mammalian  auricle  has  been  so  far  the  chief 
centre  of  interest.  The  main  effects  of  the  introduction  of  quinidine  was 
found  to  consist  in  a  lengthening  of  the  refractory  period,  and  a  depression 
in  the  rate  of  conduction,  and  these  findings  of  experiment  are  consistent 
with  observations  of  clinical  cases  during  quinidine  therapj-. 

The  presumption  would  almost  seem  justified  that  similar  changes  are 
occurring  in  other  parts  of  the  heart,  including  the  ventricle.  It,  however, 
seemed  advisable  to  obtain  direct  evidence  of  the  effects  of  quinidine  in 
ventricular  muscle,  and,  when  it  is  appreciated  that  not  infrequently  the 
ventricular  rhythm  changes  during  the  administration  of  the  drug,  this 
evidence  becomes  desirable,  in  order  to  arrive  at  an  explanation  of  the 
mechanism  which  may  underlie  these  altered  rhythms.  The  following 
work  concerns  itself  in  the  main  with  the  two  factors  mentioned  above 
and  was  carried  out  -svith  the  intention  of  obtaining  direct  measurements 
of  the  refractory  period  and  the  rate  of  conduction  during  quinidine 
administration,  thereby  to  test  the  assumptions  of  previous  experimental 
and  clinical  work. 

*  Observations  undertaken  on  behalf  of  the  Medical  Research  Council. 
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The  refractory  period. 

The  experiments  were  carried  out  along  precisely  the  same  lines  as  those 
in  which  auricular  muscle  was  under  consideration^  ^,  and  the  same 
precautions,  which  were  fully  discussed  in  the  communications  cited,  were 
adopted  in  order  to  arrive  at  accurate  measurements  of  the  refractory 
period.  The  ventricles  were  driven  at  a  constant  rate  throughout  the 
experiment  by  rhythmic  break  shocks  passed  through  fish-hook  electrodes 
embedded  in  the  musculature,  and  the  testing  shocks  were  passed  through 
the  same  pair  of  electrodes.  The  left  ventricle  was  chiefly  investigated, 
as  this  ventricle,  owing  to  its  thicker  wall,  is  more  useful  for  estimations 
of  the  rate  of  conduction  ;  but  on  one  occasion  the  right  ventricle  was  also 
tested.  In  Table  I  are  shown  readings  from  a  series  of  dogs,  which  are 
measurements*  of  the  refractory  period  before  and  after  the  introduction 
of  quinidine  ;  it  is  divided,  for  the  sake  of  convenience,  into  three  sections. 

Section  A  deals  with  unatropinised  dogs,  in  which  the  vagi  had  been 
cut,  and  in  wliich  doses  of  quinidine,f  comparable  to  those  given  in  previous 
experiments  on  auricular  muscle,  were  administered.  In  all  these  dogs, 
after  the  first  injection,  a  lengthening  of  the  refractory  period  is  evident, 
which,  with  further  administration  of  the  drug,  is  progressive!}-  increased. 

In  section  B  the  measurements  from  two  dogs  are  tabulated.  In  these 
dogs  two  injections  of  0-5  of  a  c.c.  of  1  per  cent,  atropine  sulphate  solution 
were  given  prior  to  the  introduction  of  quinidine.  J  The  lengthening  of  the 
refractory  period  was  again  obtained  in  these  experiments,  and  confirms 
the  results  of  Section  A  of  the  Table.  In  these  two  sections  the  lengthening 
of  the  refractory  period  obtained  is  of  the  same  order  as  that  which  has 
been  found  for  auricular  muscle,  namel}',  50-100  i^er  cent..  In  Section  C, 
readings  from  two  further  dogs  are  shown.  In  these  experiments,  however, 
the  quinicUne  was  administered  in  a  series  of  small  doses  over  a  considerable 
period  of  time.  Consequently  the  same  degree  of  change  is  not  to  be  expected  ; 
the  lengthening  of  the  refractory  period  should  be  of  smaller  degree,  and  is 
comphcated  by  the  elimination  of  the  drug  which  proceeds  pari  passu  with 
the  administration. 

In  both  dogs  a  small  imtial  lengthening  of  refractory  period  was  seen  : 
this  lengthening  in  dog  PX  remained  unchanged,  or  diminished,  till  at 
3.10  p.m.  the  refractory  period  was  at  its  original  value,  Ijut  rose  again  upon 
further  administration  of  quinidine.  In  this  case,  the  rate  of  the  natural 
heart  beat  was  taken  throughout  the  experiment,  and  it  was  seen  that  at 
3.10  p.m.   recovery  was    taking  place,  and   this   fact,  associated  with  the 

*  Responses  always  occurred  when  the  intervals  were  greater  than  the  largest,  and  never 
occurred  when  the  intervals  were  less  than  the  smallest  values  shown  in  the  Table. 

t  0-1  grm.  of  quinidine  sulphate  was  dissolved  in  20  c.c.  of  salt  solution  and  injecte<l  slowly 
into  the  femoral  vein. 

I  The  actioa  of  atropine  sulphate  upon  the  factors  under  consideration  is  under  investigation. 
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tinif  which  had  ehipsed  since  the  control  reatlings  were  obtaineil,  is  sufiicicnt 
to  explain  the  unusual  values  obtained  in  this  dog. 

In  all  these  experiments  care  has  been  taken  to  ensure  that  the  testing 
shocks  were  of  sufficient  strength  to  give  a  measurement  which  represents 
the  absolute  refractory  period  of  the  ventricles  ;  for  this  purpose  break 
shocks  have  for  the  most  j)art  been  used  of  a  strength  10-12  times,  at  least, 
above  the  threshold  value.  Such  an  increase  in  strength  is  sufficient  to 
ensure  a  measurement  wliich  represents,  with  a  negligible  error,  the  absolute 
refractory  period  of  muscle.  Furthermore,  in  those  tables  in  which  break 
shocks  are  alone  tabulated,  the  refractory  periods  were  also  calculated  from 
make  shocks,  and,  in  this  series,  the  value  of  the  refractory  period  remained 
unchanged.  The  make  shocks  were  about  2-6  times  weaker  than  the  break 
shocks.  This  is  in  support  of  the  readings  being  true  measures  of  the 
absolute  refractor}-  period.  When,  as  in  some  experiments,  the  results  of 
using  make  shocks  have  been  introduced  into  the  tables,  owing  to  a  scarcit}' 
of  observations,  only  those  which  elicited  responses  have  been  emploj-ed. 
These  are  marked  by  the  letter  J/  in  Table  I.  The  table  shows  clearh-  that 
the  refi-actory  period  of  the  ventricle  is  lengthened  by  the  administration  of 
qui  ni  dine. 

Chief  stress  is  laid  upon  the  figures  which  are  obtained  after  the  initial 
doses  of  quinidine  sulphate  ;  the  figures  obtained  after  subsequent  injections 
are  confirmatorj'  of  the  earlier  readings. 

The  initial  doses  only  are  Ukely  to  give  rise  to  conditions  in  the  heart 
wliich  are  comparable  to  those  produced  during  quinidine  therapy  ;  in  the 
later  stages  of  the  experiment  and  on  repeated  dosage  changes  in  the  threshold 
excitabiUty  are  often  so  great  as  to  interfere  with  accurate  measurements 
of  the  refractory  period. 

This  criticism  applies  especially  to  those  stages  of  experiment  in  which 
a  1:1  2:1  response  of  the  ventricle  occurs  with  rhythmic  shocks  ;  the 
threshold  excitabihty  is  changing  rapidly,  and  as  the  strength  of  shocks 
is  raised,  in  order  to  test  if  the  1:1  2:1  response  is  brought  about  by  a 
much  lengthened  refractory  period,  or  to  a  markedlj^  depressed  excitabihtj', 
ventricular  fibrillation  sets  in,  and  ends  the  observations.  In  some  experi- 
ments, however  (dog  PP  of  this  series),  ventricular  fibrillation  did  not  occur, 
and  the  excitabiUty  falls  away  so  completely  that  it  becomes  inexcitable 
to  rh}-thmic  induction  shocks,  though  these  were  used  many  times  above 
the  original  threshold  value.  This  change  of  excitabihty  in  later  stages 
makes  it  difficult  to  conclude  if  prolonged  refractory  period  alone  or  loss  of 
excitabihty  is  the  cause  of  the  1  :  1  and  2  :  1  responses.  The  earUer  figures, 
however,  remain  undisturbed,  as  there  is  no  appreciable  change  in 
excitabihty  at  first  ;  the  period  under  discussion  develops  with  great  rapidity, 
and  complete  inexcitabiUty  is  reached  in  the  space  of  a  few  moments,  or 
ventricular  fibrillation  sets  in. 
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Conduction. 

The  measurement  of  conduction  has  been  attempted  only  in  the  left 
ventricle.  The  method  of  placing  two  paired  non-polarisable  electrodes 
upon  the  muscle  in  Unc  with  the  stimulating  electrodes  and  reading  the  time 
of  the  arrival  of  the  excitation  wave  at  j^roximal  and  distal  electrodes,  with 
the  ventricle  responding  at  a  constant  rate  to  rhythmic  shocks,  was  adopted. 
In  order  to  avoid  early  spread  through  the  Purkinje  network  and  the  arrival 
of  the  forced  excitation  waves  by  this  channel  at  either  of  the  pairs  of 
electrodes,  the  distance  separating  the  stimulating  electrode  from  the  distal 
non-polarisable  electrode  has  been  kept  small,  and  the  two  pairs  of  contacts 
have  been  maintained  close  to  each  other.  If  the  thickness  of  the  left 
ventricle  muscle  is  10  cms.,  an  excitation  wave  started  in  the  outer  surface 
from  the  stimulating  electrode  must  travel  through  10  cms.  of  muscle, 
along  the  Purkinje  network,  and  out  again  through  10  cms.  of  muscle  in 
order  to  reach  the  cUstal  electrode.  If  the  distance  separating  the  stimulating 
and  distal  non-polarisable  electrode  is  therefore  kept  well  under  20  cms.  a 
measurement  of  muscle  conduction  is  obtained. 

In  Table  II  a  series  of  measurements  obtained  from  six  dogs  is  shown. 
Four  were  unatropinised  and  the  vagi  cut,  and  two  were  atropinised.  In  all 
the  animals,  a  slower  conduction  rate  was  obtained  after  quinidine  had  been 
administered,  and  is  most  clearly  instanced  in  dogs  PU  and  PX.  In  these 
dogs  the  drug  was  injected  in  a  series  of  small  doses  over  a  considerable 
period  of  time.  This  method  was  adopted  because  it  was  found  that  larger 
doses  of  the  drug  introduced  conspicuous  changes  in  the  forms  of  the  electric 
responses,  often  rendering  them  incomparable  as  a  series.  When  smaller 
doses  are  used  this  difficulty  is  avoided.  When  the  form  of  electric  response 
alters  on  heavier  dosage,  the  alteration  is  often  associated  with  a  distinct 
fall  in  the  transmission  intervals,  suggesting  that  the  same  factors  as  were 
cUscussed  in  previous  articles'  *  are  in  play  ;  namely,  swerve  of  the  excitation 
wave,  so  that  it  no  longer  flows  in  a  direct  Hne  over  the  contacts.  In  the 
dogs  PU  and  PX  a  progressive  rise  in  the  transmission  time  is  recorded  : 
in  the  latter  dog  the  value  amounts  to  150  per  cent,  above  the  control.  In 
the  dog  PU  the  experiment  is  divided  into  two  sections,  as  between  1-04  p.m. 
and  108  p.m.,  a  considerable  change  in  the  character  of  electric  response 
occurred,  which,  though  it  prevents  an  accurate  comparison  of  the  intervals 
in  the  whole  series  of  observations,  does  not  hinder  the  compilation  of  two 
separate  series  of  comparable  reacUngs.  The  rise  which  is  obtained  in  these 
two  dogs  is  displayed  in  the  remainder  of  the  dogs  tabulated,  in  which  larger 
doses  of  quinidine  were  given.  In  the  atropinised  dogs,  there  is  CAridence 
that  atropine  itself  slows  conduction  in  ventricular  muscle,*  so  that  some 
degree  of  impaired  conduction  is  present  before  the  introduction  of  the 
quinidine. 

*  Under  investigation. 


DEURY,     HORSFALL     AND     MUNLY 


TABLE    II. —  Influence  of  quinidine  upon  conduction  in  ventricular  tmt^cle. 
( Transniission  intervals  are  given  in  decimal  poinU  oj  a  senonil.) 


Dog  PX. 
(Unatropinised,  vagi  cut). 

Rate  234. 
Electrodes  apart  5-C  mm. 


Dog  PV. 

(Unatropinised,  vagi  cut.) 

Rate  210. 

Electrodes  apart  8  mm. 


Dog  PR. 
(Unatropinised,  vagi  cut. 

Rate  175. 
Electrodes  apart  13  mm 


12.50  p.m 

.    00163. 

12.28  p.m 

00363. 

1.00     „ 

Quinidine  001  grm. 

12.31     „ 

00357. 

1.04     „ 

00161. 

12.35     „ 

Quinidine  001  grm. 

1.09      „ 

00216. 

12.40     „ 

00398. 

1. 10     „ 

Quinidine  001  grm. 

12.45     „ 

00393. 

1.14     „ 

00205. 

12.47     „ 

Quinidine  001  grm. 

1.19     „ 

00209. 

12.52     „ 

00422. 

1.20     „ 

Quinidine  001  grm. 

12.57     „ 

00348. 

1.24     „ 

00188. 

|12.59     „ 

Quinidine  001  grm. 

1.29     „ 

0-0267. 

1  1.04     „ 

0-0409. 

1.30     „ 

Quinidine  001  grm. 

1.05     „ 

Quinidine  0-01  gem. 

1.34     „ 

00289. 

1.39     .. 

0.0297. 

112.35  to  1.05  p.m.  Quinidine  004 

1.40     „ 

Quinidine  001  grm. 

grm.  in  4  separate 

1.44     „ 

00297. 

doses. 

1-51     „ 

00287. 

1  08  1)  m 

0-0262. 

1.53     „ 

Quinidine  001  grm. 

1^09     „ 

Quinidine  001  grm. 

1.56     „ 

00274. 

1.12     „ 

00304. 

1..59     „ 

00320. 

1.14     „ 

0-0269. 

2.00     „ 

Quinidine  001  grm. 

1.15     „ 

Quinidine  001  grm. 

2.04     „ 

00312. 

1.20     „ 

00281. 

2.11     „ 

00258. 

1.28     „ 

00292. 

2.12     „ 

Quinidine  001  grm. 

1.30     „ 

Quinidine  001  grm. 

2.16     „ 

00301. 

1.33     „ 

00354. 

2.20     „ 

0-0317. 

1.38     „ 

Ventricular     fibrilla 

2.21     „ 

Quinidine  0-01  grm. 

tion. 

2.25     „ 

00329. 

2.30     „ 

00329. 

2.31     „ 

Quinidine  001  grm. 

2.34     „ 

0-0335. 

2.40     „ 

00310. 

2.43     „ 

Quinidine  002  grm. 

2.47     „ 

00352. 

2.52     „ 

00330. 

2.53     „ 

Quinidine  002  grm. 

2.57     „ 

0-0356. 

3.00     „ 

0-0324. 

3.01     „ 

Quinidine  002  grm. 

3.03     „ 

0-0379. 

3.04     „ 

Quinidine  002  grm. 

3.07     „ 

0-0374. 

3.12     „ 

00352. 

3.14     „ 

Quinidine  0-04  grm. 

3.16     „ 

00406. 

3.18     „ 

Quinidine  003  grm. 

3.20     „ 

00408. 

3.22     „ 

00394. 

3.23     „ 

00428. 

3.24     „ 

Quinidine  003  grm. 

3.25     „ 

00443. 

3.27     „ 

00399. 

3.28     „ 

Quinidine  003  grm. 

3.29     „ 

00422. 

3.30     „ 

00308. 

3.31     „ 

Quinidine  003  grm. 

3.32     „ 

0-0395. 

3.37     „ 

0-0223.     . 

3.47     „ 

Short    runs     of     ven 

12.25  p.m.   0-0342. 

12.26  „      0-0330. 

12.27  „       Quinidine  0-10  grm. 
12.36     „       00563. 

12.42     ,.       Ventricular   fibrilla- 
tion. 


Dog  PN. 
(Unatropinised,  vagi  cut.) 

Rate  245. 
Electrodes  apart  4-5  mm. 


12.36p.m.    00073. 
12.37     „       Quinidine  001  grm. 
12.40     „       00207. 
12.42     „      Ventricular   fibrilla- 
tion. 


Dog   PS.     (Atropinised.) 

Rate  210. 

Electrodes  apart  6  mm. 


2.18  p.m 

0-5  c.c.  atropine. 

2.33     „ 

0-5  c.c.  atropme. 

2.45     „ 

00100. 

2.47     „ 

0-0090. 

2.52     ., 

Quinidine  0-05  grm 

2.56     „ 

Intraventricular 

block. 

3.04     „ 

block. 

3.12     „ 

Ventricular  fibrilla- 

Dog  PT.     (Atropinised.) 

Rate  210. 
Electrodes  apart  6  mm. 

12.32  p.m.  0-5  c.c.  atropine. 

12.47  „  0-5  c.c.  atropine. 

12.49  „  0-0376. 

1.00  „  00426. 

1.05  „  Quinidine  005  grm. 

1.07  „  0-0506. 

1.12  „  Ventricular  Hlirilla- 


the  stimulating  electrode  to  the  pi 
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ExcUahnUij  of  ventricular  muscle  during  quinidine  administration. 

Observations  have  been  made  throughout  upon  the  escitabiUty  of 
ventricular  muscle,  before  and  during  the  administration  of  quinidine.  The 
metliod  used  was  to  find  the  threshold  value  for  a  series  of  rhythmic  break 
shocks  of  the  same  rate  as  that  used  for  testing  the  refractory  period.  The 
method  is  obviously  crude,  but  serves  as  a  rough  guide  to  changes  occurring 
during  an  experiment.  Very  sUght  changes  occur  in  the  excitability  measured 
in  tliis  wa3',  till  several  large  doses  of  quinidine  have  been  injected.*  (The 
threshold  values  are  tabulated  in  Table  I.)  A  stage  is  sooner  or  later  reached, 
however,  when  the  excitability  falls  rapidly,  and  as  the  strength  of  the 
shocks  is  raised  to  meet  this  new  condition,  ventricular  fibrillation  usually 
sets  in  or  the  muscle  becomes  completely  inexcitable. 

The  onset  of  ventricular  fibrillation. 

The  most  common  termination  of  these  experiments  in  which  quinidine 
was  injected  has  been  ventricular  fibrillation.  The  onset  appears  to  be 
similar  in  all  cases ;  when  the  stage  of  lengthened  refractory  period, 
impaired  conduction  and  faUing  excitabihty  is  reached,  a  series  of 
almost  regular  beats  arise  in  the  ventricle  which  bear  no  relation  to 
the  rhj'thmic  shocks.  Such  beats  may  be  .set  up  in  response  to  a 
single  testing  shock  during  rhythmic  stimulation  or  by  rhythmic  shocks 
alone.  When  these  spontaneous  rhythms  appear  the  form  of  the  electric 
responses  obtained  by  direct  leads  on  the  ventricular  muscle  also  changes  ; 
the  usual  form  with  its  sharp  rise  and  faU  is  replaced  by  a  curve  in  which 
the  string  movements  are  more  continuous  and  in  which  isoelectric  periods 
are  but  brief  or  are  absent.  Such  a  series  of  responses  may  end,  and  the 
ventricle  again  respond  to  rhj-thmic  shocks,  and  a  similar  series  be  produced 
again  later.  Usually,  however,  such  a  series,  when  once  started,  holds 
for  a  very  short  while,  and  gives  place  to  lasting  ventricular  fibrillation. 
The  phenomena  appears  very  similar  to  that  obtained  by  ilines  in  the  perfused 
rabbit's  heart^  and  by  De  Boer  in  the  bled  frog's  heart. i 

Tliis  onset  of  ventricular  fibrillation  under  quinidine  is  seemingly  at 
variance  with  the  findings  of  other  authors  upon  cats,-  and  with  our  earher 
observations  when,  under  quinidine,  the  dog's  ventricle  has  been  faradised.  It 
has  then  been  the  rule,  to  which,  however,  we  have  seen  exceptions,  that  the 
ventricle  has  been  thrown  into  fibrillation  with  difficulty  or  not  at  all.  These 
experiments,  however,  cUffer  from  those  which  have  been  described  in 
this  paper  in  that  in  the  latter  the  ventricle  was  not  tested  with  a  faradic 
but  with  relatively  slow  rhythmic  shocks  accompanied  or  unaccompanied 
by  occasional  make  and  break  shocks.  It  seems  possible  that  the  method 
used  to  elicit  fibrillation  may  materially  affect  the  residt ;  probably,  however, 

*  Results  which  are  very  comparable  to  those  found  iii  auricular  muscle. 
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tlio  explanation  of  tlio  different  reactions  is  chiefly  to  be  fonnd  in  the  degree 
of  poisoning  produced  by  the  drug,  the  stage  in  which  fibrillation  is  readily 
provoked  being  that  in  which  poisoning  is  relatively  slight,  while  ii;  later 
stages  and  under  heavy  doses  the  fall  in  the  threshold  of  excitabihty  is  so 
conspicuous  that  the  muscle  reacts  only  occasionally  to  stimulation,  or  fails 
altogether.  In  the  earlier  experiments  referred  to  the  susceptibility  of  the 
dog"s  ventricle  to  a  faracUc  current  was  tested  only  in  the  very  late  stages 
of  the  experiment. 


Quinidine  sulphate  given  intravenously  to  dogs,  in  doses  comparable 
to  those  used  cUnically,  has  the  following  efi'ects  upon  ventricular  muscle  : — 

(«)  It  lengthens  the  absolute  refractory  iieriod. 

(6)  It  reduces  the  rate  of  conduction. 

In  the  relatively  early  stages  of  poisoning  the  ventricle  appears  to  be  in  a 
susceptible  condition  ;  passing  into  rapid  spontaneous  beating  and  readily 
fibrillating  in  resjionse  to  relativelj^  slow  rhythmic  shocks  accompanied  or 
unaccompanied  by  occasional  testing  shocks. 

At  a  later  stage  of  poisoning  a  rise  in  the  threshold  of  excitability  to 
rhythmic  shocks  is  conspicuous  and  is  added  to  the  other  effects.  At  this 
stage  a  reduced  rate  of  conduction  is,  however,  difficult  accurately  to  measure. 
It  is  chiefly  displayed  in  the  altered  and  often  varying  forms  of  the  electrical 
responses  which  indicate  changes  in  the  path  followed  by  the  excitation 
waves. 

[The  dogs  used  in  these  exiieriments  were  anaesthetised  fiJly  and  througliout  with  moiiihia 
and  chlorotone,  and  if  necessary,  a  sufficiency  of  ether.] 


REFERENCES. 
1)E  Boer.     Journ  of  Physiol..   1920-21,  Liv,   405. 

Hecht  (A.  V.)  and  Rothberger  (C.  J.).     Zoitsohr.  f.  d.  ges.  exi<.  Mod.,  1!)1S-19,  vii. 
Lewis,  Drury  and  Bulger.      Heart,  1921,  viii,  S3. 
Lewis,  Drury  and  Iliescu.      Heart,  1921-22,  ix,  39. 
Lewis,  Dkury,  Iiiescu  and  Wedd.      Heart,  1921-22,  :x,  .5.5. 
Mines.     Trans.  Roy.  See.  ol  Canada,  1914,  viii,  43. 


RC 
681 
A1H38 
v.8-9 

Biological  ^ 
&  Medical 
Aerials 


^9' 


Heart;   a  journal  for  the 
study  of  circulation 


PLEASE  DO  NOT  REMOVE 
CARDS  OR  SLIPS  FROM  THIS  POCKET 


UNIVERSITY  OF  TORONTO  LIBRARY 


TORAGE 


